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7KHVWDUWLQJSRLQWRIWKLVUHVHDUFKLVEDVHGRQP\H[SHULHQFHDW6,&6$SHUIRUPLQJUHVHDUFK
DQGGHVLJQIRUH[WUHPHHQYLURQPHQWVLQFOXGLQJRUELWDODQGOXQDUSODQHWDU\IDFLOLWLHVGLVDVWHU
VKHOWHUVSRODUVWDWLRQVDQGRIIVKRUHVXUIDFHDQGVXEPHUVLEOHKDELWDWV7KLVWKHVLVH[SORUHVZKDW
DVSHFWV DQG LVVXHV RI GHVLJQ DQG SODQQLQJ SURFHVVHV LQ H[WUHPH HQYLURQPHQWV KDYH WR EH
DGGUHVVHGLQDVLPLODUZD\DQGWKHUHIRUHPD\EHXVHGDVDEDVLVIRUIXUWKHUZRUNWRZDUG3K'
WKHVLVWRGHYHORSDPHWKRGRORJLFDOSODQQLQJWRRORUPDWUL[7KDWWRROZLOOEHSURSRVHGIRU
WKH SXUSRVH RI IDFLOLWDWLQJ D GLDORJXH EHWZHHQ DOO SDUWLHV LQYROYHG GXULQJ GHYHORSPHQWV LQ
H[WUHPHFRQGLWLRQVRI3RODU5HJLRQV
7KLVZRUNLQYHVWLJDWHVERWKVLGHVRIDQ\DFWLYLW\
VSODQQLQJSURFHVVIRU3RODU5HJLRQVSK\VLFDO
FRQGLWLRQVDQGKXPDQIDFWRUVDQGDVDQ LPSRUWDQWSDUWRI WKH ODWWHU±SRVVLEOHKXPDQHUURU
FRPSOLFDWLRQV7KHFRPSOH[LW\RIWKHSUREOHPFDOOVIRUDPXOWLGLVFLSOLQDU\DSSURDFKZKHUH
WKHPDQ\ IDFHWV RI VXVWDLQDELOLW\ KDYH WR EH DOVR DGGUHVVHG'HDOLQJZLWK WKH GLIILFXOW\ RI
FRPELQLQJPXOWLSOHFRPSRQHQWVLVDUROHIRUDQDUFKLWHFWDVDIDFLOLWDWRUIRUDGLDORJXHEHWZHHQ
DOODFWRUVLQYROYHGLQGHYHORSPHQWDFWLYLWLHVLQH[WUHPHHQYLURQPHQWV
$OWKRXJKUHTXLUHPHQWVDQGKDUGVKLSVVSHFLILFWRGLYHUVHH[WUHPHHQYLURQPHQWVDUHRXWOLQHGDW
WKHEHJLQQLQJRIWKHWH[WWKHVWXG\LVODWHUPRUHIRFXVHGRQSRODUDQGERUHDOVLWHVDQGEDVHGRQ
WZRFDVHVWXGLHV ORFDWHG WKHUH7KH WH[W LVDOVREDVHGRQDQRYHUYLHZRIUHODWHG WRUHVHDUFK
SUREOHP WHFKQLFDO SDSHUV GLVFXVVLRQVZLWK SURIHVVLRQDOV DERXW WKHLUZRUN H[SHULHQFHZLWK
SURMHFWVLQH[WUHPHFRQGLWLRQVDQGVWXGHQWV
ZRUNVKRSVGHEDWLQJVWUDWHJLHVWRIRUPVXVWDLQDEOH
EHKDYLRUDQGGHVLJQSUDFWLFHV
7KLV VWXG\ ILQGV WKDW DQ LQWHUGLVFLSOLQDU\ FRPSUHKHQVLYH DSSURDFK LQFOXGHV KLJKOLJKWLQJ
LQIOXHQFHVXSRQJHQHUDOKDELWDWUHTXLUHPHQWVDQGFRQVWUDLQWVXSRQGHOLYHU\FRQVWUXFWLRQDQG
VSHFLDOSURYLVLRQVIRUVDIHW\DQGKD]DUGLQWHUYHQWLRQ2SWLPL]DWLRQRIVXFKGHVLJQUHTXLUHPHQWV
EDVHGRQDVXPPDU\RIGHVLJQFRQVLGHUDWLRQVZLOOEHDNH\HOHPHQWIRUIXWXUHGHYHORSPHQWRI
V\VWHPDWLFSODQQLQJDSSURDFK
,Q VXPPDU\ WKH QH[W VWHSV RI WKH UHVHDUFK DGYDQFHPHQW DUH RXWOLQHG HPSKDVL]LQJ WKH
LPSRUWDQFH RI HTXDO DWWHQWLRQ WR DOO HOHPHQWV RI WKH SURMHFW GHYHORSPHQW LQFOXGLQJKXPDQ
IDFWRUV DQG SV\FKRORJLFDO DVSHFWV LQ GHVLJQ DQG SODQQLQJ SURFHVVHV 6XFK DQ DSSURDFK LV
HVVHQWLDOWRHQDEOHVXFFHVVIXOVXVWDLQDEOHGHYHORSPHQWDQGPDLQWHQDQFHSUDFWLFHV
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.H\ZRUGV Architecture, Engineering, Extreme environments, Design Planning, Human 
Factors, Architect, Engineer, Multidisciplinary and Trans-disciplinary Design and Planning. 
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 ,QWURGXFWLRQ
$OWKRXJK H[LVWLQJ PHWKRGV DSSOLHG WR SODQQLQJ DQG GHVLJQ IRU UHPRWH DQG H[WUHPH
HQYLURQPHQWV DGGUHVV VRPH HQYLURQPHQWVSHFLILF FKDOOHQJHV WKH\ XVXDOO\ GR QRW FRYHU RU
LQFOXGH D V\VWHPDWLF DSSURDFK WR WKH GHVLJQ SURFHVV IURP SUHOLPLQDU\ GHVLJQ SKDVH WR
FRQVWUXFWLRQ VWDJH DQG DUH XVXDOO\ FRQGXFWHG RQ D FDVHE\FDVH EDVLV 1LHOVHQ 
6RPHWLPHVVRPHSUHYLRXVH[SHULHQFHVDUHXVHGLQQHZFRQGLWLRQVEXWZLWKRXWFRPSUHKHQVLYH
DUUDQJHPHQWVDQGV\VWHPDWLFPHWKRGRORJ\LWPD\EHPLVOHDGLQJDQGUHVXOWLQJLQPLVXVLQJDQG
ZDVWHRIUHVRXUFHVDQGWLPHGHOD\V
'HVSLWHWKHIDFWWKDWWKHUHDUHIHGHUDOODZVVWDQGDUGVDQGUHJXODWLRQVJHQHUDWHGE\FRPSDQLHV
ORFDODXWKRULWLHVGHYHORSHUVDQGRWKHUHQWUHSUHQHXUVKLSVWKH\DUHGLVFRQQHFWHGDWPDQ\OHYHOV
DQG XVXDOO\ KDYH GLIIHUHQW REMHFWLYHV ZKLFK FRQVHTXHQWO\ OHDG WR XQEDODQFHG GHVLJQ DQG
SODQQLQJUHVXOWLQJLQIDLOXUHLQRQHRUVHYHUDODUHDVRIGHYHORSPHQW%HOO7KLVLVDOVR
FULWLFDOIRUFUHDWLQJVXVWDLQDEOHHQYLURQPHQWDODQGVRFLDOV\VWHPV5DVPXVVHQ6RFLDO
V\VWHPV LQ H[WUHPH HQYLURQPHQWV DUH PXFK PRUH YXOQHUDEOH DQG VHQVLWLYH WR FKDQJLQJ
FRQGLWLRQV LQ DQ\ RI WKHLU VXEV\VWHPV VXFK DV FXOWXUDO SROLWLFDO HFRORJLFDO WHFKQRORJLFDO
VRFLHWDO5DVPXVVHQ$PDOIXQFWLRQLQRQHRIWKRVHVXEV\VWHPVPD\YHU\HDVLO\PDNH
WKHZKROHV\VWHPG\VIXQFWLRQDODQGKDQGLFDSSHG1XWWDOO
(IIRUWV LQIL[LQJQRWSURSHUO\DGGUHVVHGSUREOHPVODWHU LQ WKHGHYHORSPHQWSURFHVVDUHYHU\
FRVWO\WLPHFRQVXPLQJDQGVRPHWLPHVWRRODWHWREHFRUUHFWHG5HDVRQ+XPDQHUURUPRGHOV
DQGPDQDJHPHQW  &UHDWLQJ D ORJLFDO SDWK IRU SODQQLQJ DQGPDLQWDLQLQJ DFWLYLWLHV LQ
H[WUHPHFRQGLWLRQVVHHPVWREHDYLWDOQHFHVVLW\LQSXUVXLWRIVXVWDLQDELOLW\LQWKH$UFWLF7KLV
SDWKRU LQWHJUDWLYHPRGHO LV WREHEDVHGRQDQDO\VLVRI WZRFDVH VWXGLHV D6XPPLW VFLHQFH
VWDWLRQ LQ*UHHQODQG DQG0XUDYLRYND3DUN IRU6XVWDLQDEOH/DQG8VH7KH/LFHQWLDWH VWXG\
SUHVHQWHGLQWKLVUHSRUWLVIRFXVHGRQLGHQWLI\LQJDVSHFWVRUHOHPHQWVRIWKHSURSRVHGPRGHODV
ZHOODVXQGHUVWDQGLQJZK\WKH\DUHFRQQHFWHG7KLVLVLPSRUWDQWIRUEXLOGLQJDGLDORJXHPRGHO
IRUORFDOFRPPXQLWLHVHQJLQHHUVDQGLQGLYLGXDOVWKDWVKDOOVHUYHDVDGHVLJQDQGGHYHORSPHQW
SODQQLQJWRROGHYHORSPHQWRIZKLFKZLOOEHWKHVXEMHFWRIGRFWRUDOVWXGLHV)LJXUH


)LJXUH,VVXHVDQGDVSHFWVIRUWKHSURSRVHGGLDORJXHWRRO. Source: O. Bannova. 
 
0\/LFHQWLDWHDQGIROORZLQJLW3K'UHVHDUFKLVDLPLQJDWDUFWLFDQGSHUPDIURVWDUHDVZKHUH
UHJXODUFRQVWUXFWLRQPHWKRGVFDQQRWEHDSSOLHGWUDQVSRUWDWLRQLVVHYHUHO\UHVWULFWHGDQGVDIHW\
UHTXLUHPHQWVDUHYHU\VWULFWDQGFULWLFDO)LJXUHSUHVHQWVDFRPELQHGPDSRISRWHQWLDODQG
H[LVWLQJIRVVLOIXHOVILHOGVDQGSHUPDIURVW]RQHVLQ3RODU5HJLRQV7KRVHDUHDVRIGHYHORSPHQW
ZLOO UHTXLUH FRQVWUXFWLRQ RI IDFLOLWLHV LQIUDVWUXFWXUHV DQG DFFRPPRGDWLRQV IRU ZRUNHUV
VXSSRUWLQJDQGORJLVWLFVFUHZVVWRUDJHFDSDELOLWLHVRSWLPL]DWLRQRIORFDOUHVRXUFHVDQGPRUH
$OORIWKRVHVWUXFWXUHVZLOOKDYHWREHFRQVWUXFWHGZLWKLQDYHU\WLJKWWLPHIUDPHRIDVKRUWSRODU
VXPPHUDQGE\XVLQJOLPLWHGWUDQVSRUWDWLRQPHDQV



 

)LJXUH0DSRISHUPDIURVWUHJLRQVFRPELQHGZLWKRLODQGQDWXUDOJDVUHVHUYHVLQ$UFWLF 
 Sources: International Permafrost Association, 1998. Circumpolar Active-Layer 
Permafrost System (CAPS), version 1.0 $KOHQLXV-RKQVHQDQG1HOOHPDQQ; 
and Grid-Arendal, ACIA, AMAP, GAZ de France, East European Gas Analysis, 
NSIDC, United States Geological Survey. 

1.1. Thesis structure 
7KHWH[WLVEDVHGRQUHVHDUFKFRQGXFWHGDWWKH6DVDNDZD,QWHUQDWLRQDO&HQWHUIRU6SDFH
$UFKLWHFWXUH6,&6$RIWKH8QLYHUVLW\RI+RXVWRQDQG$UFKLWHFWXUDOGHSDUWPHQWRI
&KDOPHUV8QLYHUVLW\RI7HFKQRORJ\WKHUHVHDUFKZDVUHIOHFWHGLQWHFKQLFDOSDSHUVZULWWHQ
DQGSUHVHQWHGDWGLIIHUHQWLQWHUQDWLRQDOFRQIHUHQFHV7KHSUHVHQWWKHVLVLQFOXGHVFKDSWHUV
ZLWKVXEVHFWLRQVUHIHUHQFHVDQGDSSHQGL[)LJXUH
&KDSWHULQWURGXFHVWKHVXEMHFWRIUHVHDUFKH[LVWLQJVLWXDWLRQDQGFRQFHUQVLQVWXGLHG
HQYLURQPHQWVDQGORFDWLRQVDQGFRPELQDWLRQRIIDFWRUVWKDWDIIHFWDUHDVRIVWXG\
&KDSWHUH[SODLQVURRWVRIWKHUHVHDUFKSUREOHPWKHJRDORIWKHVWXG\DVZHOODVUHVHDUFK
TXHVWLRQV
&KDSWHUWDONVDERXWLQLWLDWLRQSRLQWVRIWKLVUHVHDUFKDQGLQWHUHVWVOD\LQJLQWKHIRXQGDWLRQ
RIWKHLQYHVWLJDWLRQSURFHVV7KHVXEVHFWLRQVDQGRIWKLVFKDSWHUH[SODLQWZRPDMRU
GHILQLWLRQVWKDWUHIHUWRWKHURRWVRIWKHUHVHDUFKSUREOHPZKDWFRQGLWLRQVFKDUDFWHUL]H
H[WUHPHHQYLURQPHQWVDQGLQWHUSUHWDWLRQRI³KXPDQIDFWRUV´WHUPLQRORJ\
&KDSWHUEHJLQVZLWKDVXPPDU\RIILUVWWKUHHSDSHUVXVHGLQWKLVWKHVLVDQGFRQWLQXHVZLWK
RXWOLQHVRIFDVHVWXG\DQGUHVHDUFKSUHVHQWHGLQWKRVHSDSHUVHPSKDVL]LQJFRQQHFWLYLW\
EHWZHHQWKHPDQGWKHWKHPHRIWKHWKHVLVZRUNVXEVHFWLRQVDQG
&KDSWHUSUHVHQWVSDSHUV,,,DQG,,,DEVWUDFWVZLWKDV\QRSVLVIRUHDFKRIWKHP
&KDSWHUPRYHVRQZLWKGLVFXVVLRQDERXWUHVHDUFKPHWKRGVFRQVLGHUHGIRUWKLVZRUNDQG
DSSOLHGLQWKHVWXG\,WEULQJVXSWKHVHFRQGFDVHVWXG\WRLOOXVWUDWHDWUDQVGLVFLSOLQDU\GHVLJQ
DSSURDFKWKDWZDVXVHGGXULQJUHVHDUFKDQGGHVLJQVWDJHVRIWKHSURMHFW


&KDSWHUHODERUDWHVRQDWWULEXWHVWKDWKHOSWRIRUPDQDUFKLWHFWXUDODWWLWXGH,WH[DPLQHVWKH
SKLORVRSKLFDODVSHFWRIDUFKLWHFWXUDOSUDFWLFHDVDQLPSRUWDQWSDUWRIWKHGHVLJQSURFHVV7KLV
FKDSWHU¶VVXEVHFWLRQUHIOHFWVWKHRUHWLFDOFRQVLGHUDWLRQVDVZHOODVGLVFXVVLRQVZLWKRLO
DQGJDVLQGXVWU\SURIHVVLRQDOV
&KDSWHUVXPPDUL]HVSDSHUV,9DQG9E\RXWOLQLQJWKHPDQGGHPRQVWUDWLQJUHOHYDQFHRI
WKHUHVHDUFKSUHVHQWHGWKHUHWRWKHVXEMHFWRIWKHWKHVLVZRUNLQVXEVHFWLRQVDQG
&KDSWHUSUHVHQWVSDSHUV,9DQG9DEVWUDFWVDQGV\QRSVHV
&KDSWHUVXPPDUL]HVDQGDQDO\]HVWKHLQIRUPDWLRQDQGUHVHDUFKSUHVHQWHGLQWKHWKHVLV
DQGRXWOLQHVGLUHFWLRQVIRUZRUNWREHGRQHWRZDUGVWKH3K'GHIHQVH7KHFKDSWHUDOVR
VXJJHVWVSRVVLEOHRXWFRPHVRIWKHSUHVHQWHGVWXG\
7KHUHSRUWFRQFOXGHVZLWKWKHOLVWRIUHIHUHQFHVXVHGDQGDSSHQGL[WKDWLQFOXGHVIXOOWH[WVRI
UHIHUUHGSHHUUHYLHZHGSDSHUVVXUYH\VZLWKLQGXVWU\SURIHVVLRQDOVDQGVXPPDU\RI
GLVFXVVLRQVGHVFULEHGLQWKHFKDSWHU
7KHGLDJUDPEHORZUHSUHVHQWVWKHWKHVLVVWUXFWXUHDQGUHODWLRQVKLSVEHWZHHQFKDSWHUV


)LJXUH7KHVLVVWUXFWXUHGLDJUDP



 5RRWVRIWKHUHVHDUFKSUREOHP
,QKLV³'HVLJQHUO\ZD\VRINQRZLQJ´1LJHO&URVVFRPSDUHVVFLHQWLILFKXPDQLVWLFDQGGHVLJQHU
SUREOHPVROYLQJDSSURDFKHV &URVV'HVLJQHUO\ZD\VRINQRZLQJ,ILQG LWHVSHFLDOO\
LQWHUHVWLQJ DQG KHOSIXO IRU LGHQWLILFDWLRQ RI FURVVGLVFLSOLQDU\ DUHDV EHWZHHQ DUFKLWHFWXUH
HQJLQHHULQJ VRFLDO DQG SV\FKRORJLFDO VWXGLHV ,Q GLVFXVVLRQ RI /DZVRQ¶V VWXGLHV RI GHVLJQ
EHKDYLRU/DZVRQKHFRQFOXGHVWKDW
³7KHVH H[SHULPHQWV VXJJHVW WKDW VFLHQWLVWV SUREOHPVROYH E\
DQDO\VLVZKHUHDVGHVLJQHUVSUREOHPVROYHE\V\QWKHVLV´
'HVLJQ LV RQH RI PRVW FRPSOH[ SURFHVVHV DQG UHTXLUHV ZHOO UHVHDUFKHG LQWHUGLVFLSOLQDU\
SUHSDUDWLRQZRUN LQFOXGLQJ QRWWUDGLWLRQDOO\ GHVLJQUHODWHG GLVFLSOLQHV VXFK DV FOLPDWRORJ\
PHWHRURORJ\ HQJLQHHULQJ HWF 0LVFRPPXQLFDWLRQV RU HYHQ DEVHQFH RI FRPPXQLFDWLRQ
EHWZHHQGLYHUVHSURIHVVLRQV LQYROYHGLQGHYHORSPHQWV LQ WKHH[WUHPHHQYLURQPHQWRI3RODU
5HJLRQVOHDGVWRFULWLFDOPLVWDNHVDQGPD\UHVXOWLQYDVWHQYLURQPHQWDOWLPHDQGPRQH\ORVVHV
5DVPXVVHQ
$Q XOWLPDWH JRDO RI DQ\ GHVLJQ SURFHVV GHSHQGV RQ VXFFHVVIXO LGHQWLILFDWLRQ RI D GHVLJQ
UHVHDUFK SUREOHP ZKLFK DOZD\V OD\V LQ ILQGLQJ D SURSHU ³WUDQVODWLRQ IURP LQGLYLGXDO
RUJDQL]DWLRQDODQGVRFLDOQHHGVWRSK\VLFDODUWLIDFWV´+LOOLHUDQG/HDPDQ
$QRWKHUPRWLYDWLRQFRPHVIURPDQREVHUYDWLRQPDGHGXULQJSUHVHQWDWLRQVDQGGLVFXVVLRQVDW
GLIIHUHQWHQJLQHHULQJRULHQWHGFRQIHUHQFHVDQGDOVRIURPP\H[SHULHQFHRIZRUNLQJZLWKVSDFH
JUDQWV DQG SURMHFWV WRJHWKHU ZLWK DHURVSDFH HQJLQHHUV DQGPDQDJHUV ,QPDQ\ RFFDVLRQV ,
ZLWQHVVHGDFRPSOHWHREOLYLRXVQHVVWRWKHIDFWWKDWDQ\GHVLJQRUSODQQLQJSURMHFWKDVWRGHDO
ZLWKallFRPSRQHQWVRIWKHZKROHSODQQLQJSURFHVVDWeveryVWDJHRILW3URIHVVLRQDOHQJLQHHUV
DUHJRRGDWEULQJLQJWKHLUSURGXFWWRWKHSHUIHFWLRQ«EXWRIWHQZLWKRXWUHIHUHQFHWRWKHUHVWRI
WKHSURMHFWDQGRWKHUSDUWLHVFRQWULEXWLQJWRGHVLJQUHTXLUHPHQWVH[HFXWLRQPDLQWHQDQFHRI
WKHILQDOSURGXFWDQGRYHUDOOXVHUSHUVSHFWLYH
7KH ILJXUH IRXU EHORZ LV D PDS RI SRWHQWLDO RLO DQG JDV UHVRXUFHV LQ $UFWLF ,W FOHDUO\
GHPRQVWUDWHVWKDWH[SORUDWLRQDQGSURGXFWLRQZLOOFRQWLQXHWRH[SDQGWKHUHDQGDVDUHVXOWRI
LWDOOVSKHUHVRIOLIHDQGHQYLURQPHQWZLOOEHDIIHFWHG1LHOVHQ.OHWW7KHWZR
IROORZLQJPDSVGLVSOD\SRSXODWLRQGHQVLW\DQGSRSXODWLRQFRPPRQPLJUDWLRQSDWKVLQWKHVDPH
UHJLRQV)LJXUHVDQG7KHVHGLDJUDPVHYLGHQWO\UHYHDODODFNRISRSXODWLRQLQDUFWLFUHJLRQV
LQQRUWKHUQFRXQWULHVZKHUHWKHODUJHVWRLODQGJDVSRWHQWLDOVKDYHEHHQUHFHQWO\GLVFRYHUHG
&DQDGD8QLWHG6WDWHV1RUZD\DQG5XVVLD6SHQFHUHWDO.OHWW±DOOZLOOIDFH
ORJLVWLFVDQGPDLQWHQDQFHFKDOOHQJHVZKHQPRYLQJWKHLUPDVVLYHHTXLSPHQWODUJHQXPEHURI
ZRUNHUV DQG VXSSRUWLQJ FUHZV DQG GHYHORSLQJ QHFHVVDU\ WHPSRUDU\ DQG SHUPDQHQW
LQIUDVWUXFWXUHVZLWKLQVWULQJHQWWLPHIUDPHVRIVKRUWWUDQVSRUWDWLRQZLQGRZV'HYHORSPHQWVLQ
WKH HQHUJ\ LQGXVWU\ UHTXLUH VXEVWDQWLDO ZRUNIRUFH DQG WHFKQRORJ\ LQYROYHPHQW DV ZHOO DV
DGYDQFHG LQIUDVWUXFWXUHV DQG ORJLVWLF VXSSRUW ,PSRUWDQFH RI PDLQWDLQLQJ HFRORJLFDO DQG
HQYLURQPHQWDOVWDELOLW\DVZHOODVUHVSRQGLQJWRORFDOFRPPXQLWLHV¶FXOWXUDODQGVRFLDOQHHGV
FDQEHUHDFKHGRQO\WKURXJKMRLQWHIIRUWVDQGDFWLYHGLDORJXHEHWZHHQDOOSDUWLHVDQGSOD\HUV
LQYROYHG1XWWDOO





)LJXUH2LODQGJDVUHVRXUFHSRWHQWLDOSource: Wood Mackenzie, Fugro Robertson. 
  
)LJXUH:RUOGSRSXODWLRQGHQVLW\Source: www.worldmapper.org  
   
)LJXUH  3RSXODWLRQ GHQVLW\ 1RUZD\ &DQDGD 5XVVLDQ IHGHUDWLRQ DQG WKH 86$ Source: 
www.worldmapper.org. 

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7KHJRDO
7KHFXUUHQWUHVHDUFKDLPVWRGHPRQVWUDWHWKDWDV\VWHPDWLFGHVLJQSURFHVVVWUDWHJ\ZRXOGKHOS
WR RUJDQL]H SODQQLQJ DQG GHVLJQ DFWLYLWLHV IRU H[WUHPH HQYLURQPHQWV LQ D PRUH WLPH DQG
UHVRXUFHV HIIHFWLYH ZD\ WKDW ZLOO EH DOVR EHQHILFLDO IRU ORFDO FRPPXQLWLHV DQG ZRUNLQJ
SHUVRQQHO 7KH JRDO RI VXFK DQ DSSURDFK LV WR SURYLGH D EHWWHU SODQQLQJ WRROZKLFKZRXOG
LQFOXGHVXVWDLQDEOHV\VWHPVDQGRSHUDWLRQVXSWRGDWHDQGFXWWLQJHGJHEXLOGLQJWHFKQRORJLHV
DQGFRQVWUXFWLRQPHWKRGV ,W LV H[SHFWHG WKDW LQYHVWLJDWLQJDQGFRPSDULQJ WZRFDVH VWXGLHV
FUHDWHDIRXQGDWLRQIRUIXUWKHULQYHVWLJDWLRQVDQGMXVWLI\WKHQHFHVVLW\RIJHQHUDWLQJDFRPPRQ
GHVLJQDQGSODQQLQJPDWUL[IRUUHPRWHDUHDVDQGH[WUHPHFRQGLWLRQV7KHWKHVLVUHVHDUFKDOVR
DGGUHVVHV
x 3K\VLFDOUHTXLUHPHQWVLQIOXHQFLQJGHVLJQ
x (QYLURQPHQWDOFRQGLWLRQVLQIOXHQFLQJGHVLJQ
x %XGJHWFRQGLWLRQVLQIOXHQFLQJGHVLJQ
x 'HVLJQDVDWRROWRDGGUHVVVRFLDODQGFXOWXUDOFKDOOHQJHV

5HVHDUFKTXHVWLRQV
,QWKHSUHVHQWIDVWFKDQJLQJZRUOGLWLVLPSRUWDQWWRXVHDELJSLFWXUHDSSURDFKZKHQDGGUHVVLQJ
DQ\FRPSOH[SUREOHP
7KHUHIRUHWKHUHVHDUFKTXHVWLRQVDUH:KDWDUHWKHPDMRULQIOXHQFLQJDVSHFWVRIGHYHORSPHQW
SURFHVVHVLQWKHH[WUHPHHQYLURQPHQWRI3RODU5HJLRQV":K\DQG+RZLQZKDWDVSHFWVDUH
WKH\UHODWHGWRHDFKRWKHUDQGZKDWLVPLVVLQJLQWKRVHFRQQHFWLRQV"+RZFDQWKHUHODWHGDVSHFWV
EHRUJDQL]HG"
 


 ,QLWLDWLRQRIUHVHDUFK±8QGHUVWDQGLQJRIEDVLFV
:KDWZRXOGEHRUZKDWLVDWKHRU\DQGGHILQLWLRQRI³H[WUHPH´RU³H[WUHPHHQYLURQPHQW´DQG
ZKDWGRHV³KXPDQIDFWRUV´WHUPPHDQ"7KHUHDUHGHILQLWLRQVEDVHGRQDYDULHW\RISHUVRQDO
EDFNJURXQGVGLIIHUHQWSHUFHSWLRQVDQGSK\VLFDODQGFKHPLFDOFKDUDFWHULVWLFV7KLHO,W
VHHPVSHRSOH YHU\RIWHQEHFRPH FRQIXVHGZLWK WKHVH WHUPV DQGPDQ\KDYHTXLWH GLIIHUHQW
SHUFHSWLRQVDERXWZKDWWKH\DUH7KRVHSHUFHSWLRQVXVXDOO\GHSHQGRQPDQ\IDFWRUVVRFLDO
FXOWXUDO EHKDYLRUDO ILQDQFLDO SROLWLFDO DQG RI FRXUVH HQYLURQPHQWDO ZLWK PXOWLSOH
FKDUDFWHULVWLFVLQFOXGHG)RUH[DPSOHHQYLURQPHQWDOIDFWRUVUHIOHFWRQDOODVSHFWVRIOLIHDQG
DWWKHVDPHWLPHGHSHQGRQWKHP0LVEDODQFHRUGLVWXUEDQFHLQRQHRIWKHVHDUHDVFDQOHDGWR
WKHHQYLURQPHQWEHFRPLQJ³H[WUHPH´IRUOLYLQJRUDQGWRDVRFLDORURWKHU³VWUXJJOH´WKDWPD\
DOVROHDGWRDELJJHUGLVWXUEDQFHDQGFUHDWLRQRIHYHQPRUHH[WUHPHFRQGLWLRQVWKDQEHIRUH
8QGHUVWDQGLQJRIUHODWLRQVKLSVDQGLQIOXHQFHVEHWZHHQGLIIHUHQWIDFHWVRIKXPDQVRFLHW\DQG
DUFKLWHFWXUHFDQKHOSWRILQGDGHVLJQDSSURDFKZKLFKZRXOGRSWLPL]HQHHGVDQGUHTXLUHPHQWV
IRUYDULRXVW\SHVRISHRSOHOLYLQJLQGLIIHUHQWHQYLURQPHQWVVRFLHWLHVDQGFXOWXUHV$OWKRXJK
PRVWKDELWDWDUUDQJHPHQWVLQH[WUHPHHQYLURQPHQWVFDQQRWEHFRQVLGHUHG³FLWLHV´VRPHRIWKH
XUEDQDVVHWVFDQGHILQLWHO\EHDSSOLHGWRWKHLUSODQQLQJDQGGHVLJQSUDFWLFHV6RFLDOFXOWXUDO
DQGSROLWLFDODVSHFWVKDYHWREHDGGUHVVHGLQWKHRYHUDOOSODQQLQJDQGWKURXJKRXWWKHGHVLJQ
SURFHVV5DVPXVVHQ6XFKVHWWLQJVSUHVHQWDKLJKGHJUHHRIGHVLJQIXQFWLRQDOLW\ZLWKD
WHQGHQF\WRGHPDQGDQDGDSWDWLRQIURPKDELWDQWVWRWKHWHFKQRORJ\
7KLVUHVHDUFKVWDUWLQJSRLQWVDUHEDVHGRQP\H[SHULHQFHDW6,&6$LQUHVHDUFKDQGGHVLJQIRU
H[WUHPHHQYLURQPHQWVLQFOXGLQJRUELWDODQGOXQDUSODQHWDU\IDFLOLWLHVGLVDVWHUVKHOWHUVSRODU
VWDWLRQV DQG RIIVKRUH VXUIDFH DQG VXEPHUVLEOH KDELWDWV ,Q WKRVH UHVHDUFK SURMHFWV , ZDV
LQYHVWLJDWLQJ VXFK LVVXHV DV KDUGVKLSV DQG FKDOOHQJHV SRVHG E\ KDUVK FOLPDWH FRQGLWLRQV
UHPRWHQHVVZLWKUHVWULFWHGDFFHVVDQGUHWXUQRSSRUWXQLWLHVOLPLWDWLRQVRQDYDLODEOHHTXLSPHQW
DQG VXSSRUW VHUYLFHV DQG HYHUSUHVHQW VDIHW\ ULVNV %DQQRYD 'HVLJQ FRQVLGHUDWLRQV IRU
H[WHULRUDQGLQWHULRUFRQILJXUDWLRQVRIVXUIDFHKDELWDWPRGXOHV$OORIWKHVHHQYLURQPHQWV
KDYHPDQ\VLPLODUNLQGVRIWHFKQLFDODQGRSHUDWLRQDOSULRULWLHV.H\DPRQJWKHVHDUHQHHGVIRU
DSSURSULDWH WUDQVSRUWDWLRQ DQG FRQVWUXFWLRQ V\VWHPV HIILFLHQW HQHUJ\ HIIHFWLYH DQG
HQYLURQPHQWDOO\UHVSRQVLYH ZDVWH PDQDJHPHQW DQG OLIH VXSSRUW V\VWHPV PDLQWHQDQFH DQG
UHSDLUSURYLVLRQVDQGHPHUJHQF\DFFRPPRGDWLRQV

3.1 Extreme environments: characteristics 
$VGHILQHGE\1$6$$VWURELRORJ\,QVWLWXWH
([WUHPH LV D UHODWLYH ZRUG $Q H[WUHPH HQYLURQPHQW FDQ EH
FKDUDFWHUL]HGE\FRQGLWLRQVWKDWDUHIDURXWVLGHWKHERXQGDULHVLQZKLFK
ZH KXPDQV GZHOO FRPIRUWDEO\ LQ WKHVH FDWHJRULHV S+ PHDVXUH RI
DFLGLW\SUHVVXUHWHPSHUDWXUHVDOLQLW\UDGLDWLRQGHVLFFDWLRQPHDVXUH
RIGU\QHVVDQGR[\JHQOHYHO´1$,
7\SLFDOO\DQH[WUHPHHQYLURQPHQWLVXQGHUVWRRGDVPHWHRURORJLFDOO\FKDOOHQJHGDQGGHVFULEHG
E\ LWV FOLPDWH RUZHDWKHU FRQGLWLRQV DQG WKHUHIRUH SUHWW\PXFKGHILQHGE\ LWV JHRJUDSKLFDO
ORFDWLRQ%XWWKHGHILQLWLRQVKRXOGEHEURDGHULQWKDWZKHQZHWDNHLQWRFRQVLGHUDWLRQDOODVSHFWV
RIKXPDQOLIHRUOLIHVW\OHV
(FKRLQJ1$,¶VGHVFULSWLRQ ³H[WUHPH HQYLURQPHQW´ LQ:LNLSHGLD LV GHILQHG H[FOXVLYHO\ E\
H[WUHPHSK\VLFDOFRQGLWLRQV
³$Q H[WUHPH HQYLURQPHQW H[KLELWV H[WUHPH FRQGLWLRQV ZKLFK DUH
FKDOOHQJLQJ WRPRVW OLIH IRUPV7KHVHPD\EH H[WUHPHO\KLJKRU ORZ

6DVDNDZD,QWHUQDWLRQDO&HQWHUIRU6SDFH$UFKLWHFWXUH*HUDOG'+LQHV&ROOHJHRI$UFKLWHFWXUH8QLYHUVLW\RI
+RXVWRQ+RXVWRQ7;86$KWWSZZZXKHGXVLFVD
12 
 
ranges of temperature, radiation, pressure, acidity, alkalinity, air, water, 
salt, sugar, carbon dioxide, sulphur, petroleum and many others. 
An extreme environment is one place where humans generally do not 
live or could die there. There are organisms referred to as extremophiles, 
that inhabit these spaces and are so well-adapted that they readily grow 
and multiply. 
Examples of extreme environments include the geographical poles, very 
dry deserts, volcanoes, deep ocean trenches, upper atmosphere, Mt 
Everest, outer space and other planets.” 
These conditions can definitely be described as extreme and hazardous to human life but the 
environment may pose danger to people even without those factors being present. That includes 
social and political situations that lead to limitations in life support supplies, limitations in 
transportation, communications and different combinations of all or some of those factors 
together. That complexity is overlooked in planning and design efforts and therefore 
contributing factors are not addressed in the overall design process for extreme environments. 
What makes a place we visit or live “extreme”? I suggest that this is an environment that poses 
special limitations and/or hardships for people to survive and maintain relative physical and 
psychological comfort. These limitations are usually in: 
• Resources; 
• Availability of services and/ spaces; 
• Mobility and transportation. 
These limitations lead to hardships that may include all or some of the following: 
• Strong restrictions to execute everyday work tasks; 
• Impossibility to perform social interactions; 
• Impossibility to fulfill necessary living needs. 
Two case studies discussed in this report were chosen based on their locations in extreme and 
challenging settings, relevant similarity of design objectives, and research conducted during 
their program development stages. Interdisciplinary aspect of projects was also one of 
determining selection factors as well as providing a means for enabling sustainable practices 
in building design, maintenance and utilization.  
Table 1 summarizes environmental and geographical characteristics of both cases: Polar desert 
and Boreal. Case study one is located above the polar circle on top of three kilometers of 
Greenlandic glacier and in the center of Greenland. The subject of case study two is in the 
wetlands of Amur River of Russian Eastern Siberia. Both geographical locations present 
challenges for life conditions and demand a proper response from architects and planners when 
planning development activities in these regions.  
 
Characteristics 
Zone /climate Temperature Weather  Geography Case study 
CASE I, Polar desert Mean temperature 
during warmest 
month less than 
10C 
Brief summer, 
precipitation less 
than 250mm 
(annual)
Greenland Summit 
station 
CASE II, Boreal  Most extreme 
temperature 
variations, at least 
one month must 
have a 24-hour 
average to of 10C 
Subarctic, short 
and warm  
summer, cold 
winter 
Russian 
southeastern 
Siberia 
(Amur 
region) 
Muraviovka 
park 
Table 1. Characteristics of proposed case studies.  


2WKHU IDFWRUV SUHVHQW DGGLWLRQDO FRQGLWLRQV DQG LQIOXHQFHV FRQWULEXWLQJ WR WKH HQYLURQPHQW
EHFRPLQJ H[WUHPH IRU OLYLQJ 7KRVH IDFWRUV GLVFXVVHG IXUWKHU LQ WKH UHSRUW LQ FKDSWHUV WKDW
GHVFULEHFDVHVWXG\WZRDQGSDSHUVUHIHUULQJWRUHVHDUFKRIFDVHVWXG\RQH

3.2 Human factors and ergonomics: definitions and differences 
7KH ,QWHUQDWLRQDO (UJRQRPLFV$VVRFLDWLRQ FRXQFLO DSSURYHG GHILQLWLRQV RI (UJRQRPLFV RU
KXPDQIDFWRUVLQWKH\HDURIDVIROORZV
(UJRQRPLFVRUKXPDQIDFWRUVLVWKHVFLHQWLILFGLVFLSOLQHFRQFHUQHG
ZLWK WKH XQGHUVWDQGLQJ RI LQWHUDFWLRQV DPRQJ KXPDQV DQG RWKHU
HOHPHQWV RI D V\VWHP DQG WKH SURIHVVLRQ WKDW DSSOLHV WKHRU\
SULQFLSOHVGDWDDQGPHWKRGVWRGHVLJQLQRUGHUWRRSWLPL]HKXPDQ
ZHOOEHLQJ DQGRYHUDOO V\VWHPSHUIRUPDQFH :KDW LV HUJRQRPLFV

,ZDQWWRDUJXHWKHDERYHGHILQLWLRQDQGHTXDOLQJKXPDQIDFWRUVZLWKHUJRQRPLFVLQVSLWHRI
WKH IDFW WKDW LW LVZHOO H[SUHVVHGDQG VXIILFLHQWO\ LQFOXVLYH7KHUH DUHPDQ\GLVFLSOLQHV DQG
SURIHVVLRQVUHIHUULQJWRKXPDQIDFWRUVLQWKHLUSUDFWLFHVDQGHYHU\RQHRIWKHPXQGHUVWDQGVLW
VRPHKRZ GLIIHUHQWO\ , VXJJHVW WKDW DUFKLWHFWXUDO PHDQLQJ RI WKLV WHUPLQRORJ\ LV PRUH
FRPSUHKHQVLYHDQGDGGUHVVHVSK\VLFDOFRQGLWLRQVRIKXPDQERG\DVZHOODVLWVSV\FKRORJLFDO
VWDWXV DQG KHDOWK $UFKLWHFWXUDO DSSURDFK DOVR LQFOXGHV XQGHUVWDQGLQJ RI FRQVHTXHQFHV RI
LQDGHTXDWH EHKDYLRU RU DFWLRQV WKDW FDXVHG E\ LQDSSURSULDWH DUFKLWHFWXUDO DSSURDFK WR WKH
SURMHFW GHYHORSPHQW DQG PD\ OHDG WR QRQGHVLUDEOH RU HYHQ FDWDVWURSKLF HYHQWV 6XFK
XQGHUVWDQGLQJVKRXOGEHSDUWRIGHVLJQDQGSODQQLQJSUHUHTXLVLWHVDQGSURJUDPPLQJ5HDVRQ
+XPDQHUURUPRGHOVDQGPDQDJHPHQW
,Q H[WUHPH FRQGLWLRQV DQG HQYLURQPHQWV PRUH DGYDQFHG GHVLJQ DSSURDFK VKRXOG EH
LPSOHPHQWHGLQWRSUDFWLFHZKHUHIRFXVLVQRWVROHO\JLYHQWRVXUYLYDORISHRSOHEXWDOVRWR
SODQQLQJ LW DV ³D SODFH IRU OLYLQJ´ $FFRUGLQJ WR D SV\FKRORJLFDO SRLQW RI YLHZ YLVXDO
LPSUHVVLRQVKDYHDKLJKYDOXHIRUKXPDQVVLQFHZHDUHXVHGWRJHWDSSUR[LPDWHO\RIRXU
VHQVRU\LQIRUPDWLRQIURPWKHH\HV,WLVVWLOOTXHVWLRQDEOHLIYLVXDOLPSUHVVLRQVKDYHDQLPSDFW
RQ RXU SHUFHSWLRQ RU RXU SHUFHSWLRQ XVHV YLVXDO LQIRUPDWLRQ WR FRQILUP RU FKDQJH RXU
RULHQWDWLRQLQVSDFHDQGWLPH9LVXDOLQIRUPDWLRQWKDWZHJHWIURPVXUURXQGLQJHQYLURQPHQW
DQG XQGHUVWDQGLQJ RI H[WHQVLYH XVH RI WKLV LQIRUPDWLRQ LQ GLIIHUHQW EUDLQ FHQWHUV LV YHU\
LPSRUWDQW ([SHULHQFH RI LQWHUDFWLRQ ZLWK DHVWKHWLFV LV OLQNHG WR WKLV LQIRUPDWLRQ DQG
LQWHUUHODWHGWRFHQWHUVZKLFKVWLPXODWHSOHDVXUHLQWKHEUDLQ0DWWKHZVHWDO'HWDLOVLQ
WKH GHVLJQ FKRLFH RI PDWHULDOV DQG DFWLYH XVH RI WKUHHGLPHQVLRQDO VSDFH DQG FRORUV FDQ
WKHUHIRUHEHLPSRUWDQWWRROVWRKHLJKWHQWKHTXDOLW\RIWKHKDELWDWHQYLURQPHQW7KHTXDOLW\RI
OLIH LQ UHODWLRQ WR WKH TXDOLW\ RI GHVLJQ FRXOG EH IRFXVHG RQ D VDOXWRJHQLF 3DOLQNDV 
DSSURDFKRIIHULQJQRWRQO\PLWLJDWLRQRISV\FKRORJLFDODQGVRFLRORJLFDOFUHZSUREOHPVEXW
DOVRDKHDOWKSURPRWLQJDSSURDFKZKHQWKHGHVLJQLPSURYHVSK\VLFDODQGPHQWDOKHDOWKEH\RQG
VXUYLYDOOLPLWV
0HWKRGRORJLFDOFRQVLGHUDWLRQVIRUWKLVFRXOGEHEDVHGRQDSUHVHQWNQRZOHGJHDERXWKXPDQV
LQH[WUHPHHQYLURQPHQWVDQGRQDFWLYHDQWKURSRORJLFDOLQYHVWLJDWLRQDVDNH\IDFWRULQKXPDQ
OLIH:KDWGHILQHVDFR]\PHDOEHVLGHVWKDWLVHDWHQRXWGRRUVLQDGZHOOLQJRIDWKLUGZRUOG
FRXQWU\LQWKHZLOGHUQHVVRULQDPLGGOHFODVVKRPH":KDWGHILQHVDSODFHZKHUHSHRSOHPHHW
DQGUHOD[WRJHWKHULQDFURZGHGVXEPDULQHRULQDEXV\FLW\RIILFH",VLWSRVVLEOHWRGHILQHVRPH
NH\SRLQWVXVLQJDQWKURSRORJLFDOPHWKRGVQRPDWWHUZKDWWKHVHWWLQJVDUH"%\DQVZHULQJWKHVH
TXHVWLRQVZHPD\XQGHUVWDQGLPSRUWDQWLQIRUPDWLRQIRUTXDOLW\GHVLJQIRUIXWXUHKRXVLQJLQ
3RODUUHJLRQVRUKDELWDWVLQRWKHUH[WUHPHORFDWLRQV
+XPDQ IDFWRUV EHFDPH D FRPPRQ WHUP ZKHQ DSSOLHG WR ULVN PDQDJHPHQW DQG UHODWHG
GLVFLSOLQHV-DPHV5HDVRQ¶VPRGHORIRUJDQL]DWLRQDODFFLGHQWV)LJXUHLVZHOONQRZQDQG
ZLGHO\DSSOLHGLQKHDOWKFDUH5HDVRQ+XPDQHUURU,WGHSLFWVWKDWDQ\V\VWHPZLWKPXOWL


OHYHOVRIGHIHQVHVWLOOKDVDULVNRIKXPDQRUKXPDQIDFWRUHUURULQLW
³7KH6ZLVV&KHHVH0RGHOK\SRWKHVL]HVWKDWLQDQ\V\VWHPWKHUHDUHPDQ\OHYHOVRIGHIHQVH«
(DFKRIWKHVHOHYHOVRIGHIHQVHKDVOLWWOHµKROHV¶LQLWZKLFKDUHFDXVHGE\SRRUGHVLJQVHQLRU
PDQDJHPHQW GHFLVLRQPDNLQJ SURFHGXUHV ODFN RI WUDLQLQJ OLPLWHG UHVRXUFHV HWF 5HDVRQ
+XPDQHUURUPRGHOVDQGPDQDJHPHQW7KHVHKROHVDUHNQRZQDVµODWHQWFRQGLWLRQV¶´
IURPPatient Safety First: Implementing human factors in healthcare


)LJXUH6ZLVV&KHHVH0RGHORIRUJDQL]DWLRQDODFFLGHQWVSource: J. Reason5HDVRQ+XPDQ
HUURU

,IDSSOLHGWRRSHUDWLRQVLQH[WUHPHHQYLURQPHQWVRUXQGHUH[WUHPHFRQGLWLRQVLWPD\KHOSWR
LGHQWLI\ZD\VWRSUHYHQWSRWHQWLDOHUURUVLQGHVLJQRUJDQL]DWLRQDOSURFHVV7KH³FKHHVHPRGHO´
FDQEHWUDQVODWHGLQWRDSURFHVVLQJPDWUL[WREHDSSOLHGWRGHVLJQDQGSODQQLQJ

x 6ZLVV&KHHVHPRGHOFDQEHXVHGDVDEDVHIRUSURFHVVLQJPDWUL[
x ,WDGGUHVVHVGHVLJQDQGSODQQLQJHUURUV
x &DQKHOSWREXLOGGHVLJQWKDWWDFNOHVRUJDQL]DWLRQDOHUURUV

7KLVPRGHOEHFRPHVPXOWLGLPHQVLRQDOZKHQDSSOLHGWRGHVLJQSURFHVVDVDUHIOHFWLRQWRGHVLJQ
DQGSODQQLQJPXOWLVWDJHGKLHUDUFKDOQDWXUH7KHPXOWLGLPHQVLRQDOFKDUDFWHURIWKHSURFHVV
DIIHFWVRYHUDOOGHVLJQDSSURDFKLQDZD\ZKHUHDOOFRPSRQHQWVDUHLQIOXHQFHGDQGLQIOXHQFLQJ
RQHDQRWKHU)LJXUH)LJXUHVXPPDUL]HVWKHLGHDLQDPXOWLGLPHQVLRQDOGLDJUDPZKHUH
VWUDLJKWKRUL]RQWDODQGYHUWLFDOFRQQHFWLRQVUHSUHVHQWGLUHFWGHSHQGHQFHVDQGLQIOXHQFHVZKLOH
LQGLUHFWFRQQHFWRUVUHSUHVHQWFRQGLWLRQDOEXWSHUPDQHQWUHODWLRQVKLSVEHWZHHQHOHPHQWV7KH
LQWHJUDWLRQPRGHORUWRRO¶VUROHLVWRIDFLOLWDWHWKHVHUHODWLRQVKLSVDQGSURPSWO\UHVSRQGWRWKHLU
GHPDQGV



)LJXUH0XOWL'LPHQVLRQDO6ZLVV&KHHVH6&0RGHORIRUJDQL]DWLRQDOLQIOXHQFHVSource: 
O. Bannova. 
 



)LJXUH0XOWL'LPHQVLRQDO6&0RGHODSSOLHGWRSURMHFWGHYHORSPHQWSURFHVVSource: O. 
Bannova. 
  
)XQFWLRQV   3ODQQLQJ
  
(QYLURQPHQW   &RPELQHGLQIOXHQFHV
   DQGSRWHQWLDOIRUHUURUV


 6XPPDU\RISDSHUVRQGHVLJQIRUH[WUHPHHQYLURQPHQWV
7KH IROORZLQJ FKDSWHUV   DQG  VXPPDUL]H SDSHUV SUHVHQWHG DW LQWHUQDWLRQDO
FRQIHUHQFHV GHGLFDWHG WR GHYHORSPHQWV DQG GHVLJQ LQ H[WUHPH HQYLURQPHQWV 7KHVH SDSHUV
ZHUHSHHUUHYLHZHGDQGSXEOLVKHGLQDIILOLDWHGSURIHVVLRQDOMRXUQDOVDFFRUGLQJO\7KHSDSHUV
ZHUHVHOHFWHGIRUWKLVWKHVLVEDVHGRQWKHGDWDSUHVHQWHGDQGLWVUHOHYDQFHWRWKHWRSLFRIWKH
UHVHDUFK 'HVLJQ UHTXLUHPHQWV DQG HQYLURQPHQWDO FKDUDFWHULVWLFV GHVFULEHG LQ WKHVH
SXEOLFDWLRQVSOD\DQHVVHQWLDOUROHLQXQGHUVWDQGLQJRIWKHRULJLQRIUHVHDUFKTXHVWLRQV

4.1 Paper I (2005) Case study - Environment influencing design requirements 
6RPHRIWKHVHDVVXPSWLRQVDQGLGHDVZHUHDGGUHVVHGDQGSUHVHQWHGLQVHYHUDOSDSHUVIRFXVHG
RQ UHVHDUFK DQGGHVLJQZRUNFRQGXFWHGSULRU WR DFFHSWDQFH WR WKH3K'SURJUDP)LUVW WZR
SDSHUVZHUHEDVHGRQ WKHSURMHFW WKDW LVXVHGDVRQHRI WKHFDVHVWXGLHV D6XPPLW VFLHQFH
VWDWLRQLQ*UHHQODQGRSHUDWHGE\WKH861DWLRQDO6FLHQFH)RXQGDWLRQ16)
7KHJRDORIWKHSURMHFWZDVWRSURYLGHDKLJKTXDOLW\HQYLURQPHQWIRUVFLHQWLILFUHVHDUFKDQGWR
PLQLPL]HGHYHORSPHQWFRQVWUXFWLRQDQGRSHUDWLRQDOFRVWVZKLOHRSWLPL]LQJVDIHW\YHUVDWLOLW\
DXWRQRP\DQGKXPDQIDFWRUVDQGWKHPD[LPXPXVHRIUHQHZDEOHHQHUJ\WKURXJKDQDO\VLVRI
VLWH LQIOXHQFHV WUDQVSRUWDWLRQ FRQVWUDLQWV EXLOGLQJ DQG XWLOLW\ V\VWHPV UHTXLUHPHQWV DQG
SODQQLQJOLYLQJDQGUHVHDUFKDFFRPPRGDWLRQVVXSSRUWVWUXFWXUHVZKLOHRSWLPL]LQJEXGJHWDQG
VFKHGXOH
([WUHPHHQYLURQPHQWVRQ(DUWKVKDUHVLPLODU IDFLOLWLHVDQGRSHUDWLRQVGHVLJQDQGSODQQLQJ
FKDOOHQJHV(DFK HQYLURQPHQWSUHVHQWV VSHFLDO OHVVRQV UHJDUGLQJKRXVLQJGHVLJQ FUHZVWDII
RSHUDWLRQVDQGWUDLQLQJDQGHTXLSPHQWDQGORJLVWLFDOUHTXLUHPHQWVIRUKXPDQDFWLYLWLHV
,WLVLPSRUWDQWWRQRWHWKDWQHHGVDQGSULRULWLHVLQH[WUHPHHQYLURQPHQWVDOVRUHSUHVHQWVRPHRI
WKHPRVWSUHVVLQJFKDOOHQJHVDQGLVVXHVWKDWIDFHRXUHQWLUHSODQHW,QFUHDVHGGLIILFXOWLHVDQG
XUJHQF\LQDGGUHVVLQJKXPDQQHHGVDQGUHTXLUHPHQWVLQH[WUHPHHQYLURQPHQWVRIWHQPRWLYDWH
HIIRUWVWRILQGQHZDQGEHWWHURUJDQL]DWLRQDOSODQQLQJDQGGHVLJQVROXWLRQV8VHIXOSURJUDP
DGYDQFHPHQWV UHODWHG WR WKH H[WUHPHHQYLURQPHQWRI VSDFH IRUH[DPSOH LQFOXGH LPSRUWDQW
FRQWULEXWLRQV WR ILHOGV DVVRFLDWHG ZLWK FRPSXWLQJ DQG LQIRUPDWLRQ PDQDJHPHQW PDWHULDO
VFLHQFHVHQHUJ\WHFKQRORJLHVVXVWDLQDELOLW\HQYLURQPHQWDOPRQLWRULQJDQGOLIHVFLHQFHV

4.2 Paper II (2006) Case study – Psychological aspects influencing design  
3V\FKRORJLFDOKHDOWKDQGVXSSRUWRIPRUDOH FOLPDWHZLWKLQ OLPLWHGJURXSDQGVRPHWLPHV LQ
FRQILQHG HQYLURQPHQWV RU LVRODWHG FRQGLWLRQV DUH YLWDO IRU VXFFHVVIXO RSHUDWLRQV DQG
SURGXFWLYLW\'LVFXVVLQJNH\VSDFHDUFKLWHFWXUHDVSHFWVRIGHVLJQLQJIRUH[WUHPHHQYLURQPHQWV
DQG UHFLSURFLW\ EHWZHHQ WHUUHVWULDO DQG VSDFH DUFKLWHFWXUH LQ D GLDORJXH EHWZHHQ VSDFH
DUFKLWHFWXUH DQGVSDFHSV\FKRORJ\SURYLGHVZD\V WRXQGHUVWDQGKRZH[SHULHQFHV IURPSDVW
SRODUH[SHGLWLRQVDQGKDELWDWVFDQDFWDVEDFNJURXQGLQIRUPDWLRQLQWKHGHVLJQSURFHVVIRFXVHG
RQVXUYLYDELOLW\IXQFWLRQDOLW\DQGTXDOLW\RIOLIHIRUWKHFUHZ%DQQRYDDQG-RUJHQVHQ&DQ
:H7HVW'HVLJQIRU&RPLQJ,QWHUSODQHWDU\([SHGLWLRQVLQWKH$UFWLF"7KHUHDUHWKUHH
NH\LVVXHVLQIOXHQFLQJGHVLJQLQH[WUHPHVWKDWDUHEDVHGRQKLVWRULFDOH[DPSOHVRI$UFWLFDQG
$QWDUFWLFDH[SHGLWLRQVDQGRWKHULVRODWHGHQYLURQPHQWV
x 6XUYLYDODQGVDIHW\RIWKHFUHZ
x 0D[LPXPRIIXQFWLRQDOFRPIRUWIRUVFLHQWLILFUHVHDUFKDQGFUHZKDELWDELOLW\
x 0D[LPXP RI KDELWDEOH TXDOLW\ VHHQ DV TXDOLW\ RI OLIH LQ GLDORJXH ZLWK TXDOLW\ RI
GHVLJQ
, WULHG WR LGHQWLI\ DQG H[SORUH KHUH D IHZ ³HGJHV´ WKDW IUDPH DQG FRQWULEXWH WR FRQGLWLRQV
EHFRPLQJH[WUHPH$OORIWKHHGJHVUHIHUQRWRQO\WRVSDWLDOFRQGLWLRQVRUHOHPHQWVEXWSHUVRQDO
DQGSXEOLFPHQWDOLW\7KHUHDUHPDQ\PRUHHGJHVIDFHVYHUWLFHVWKDWLQWHUIHUHDQGDIIHFWHDFK
RWKHUDWGLIIHUHQWOHYHOV


3V\FKRORJLFDOVRFLDODQGFXOWXUDODVSHFWVRIOLIHLQ$UFWLFDQG$QWDUFWLFUHPRWHDUHDVRXWHU
VSDFHDQGRWKHUH[WUHPHHQYLURQPHQWVKDYHVLPLODU LVRODWLRQFRQILQHPHQWGHSULYDWLRQDQG
ULVN IDFWRUV WKDW EXLOGLQJ GHVLJQHUV PXVW FRQVLGHU 7KHUH DUH GLUHFW DQDORJLHV UHODWHG WR
V\PSWRPV WLPH OLQHV RI PLVVLRQV DQG UHVHDUFK JRDOV RSSRUWXQLWLHV DQG ULVNV +DUULVRQ
&OHDUZDWHUDQG0F.D\
([SHULHQFHVRQ86DQG5XVVLDQVSDFHVWDWLRQVXQGHUZDWHUYHVVHOVDQGSRODU VWDWLRQVKDYH
UHYHDOHGDYDULHW\RIFRPPRQKXPDQIDFWRUVSV\FKRORJLFDODQGSK\VLFDOKHDOWKDQGEHKDYLRUDO
LVVXHV)LJXUH


)LJXUH  'HVWLQ\0RGXOH ,QWHULRU$QWDUFWLF 6WDWLRQ 6XEPDULQH ,QWHULRUSource: NASA, 
NSF, Wikipedia.
x &XWRIIIURP³WKHRXWVLGH´FUHZVPXVWOHDUQWREHUHVRXUFHIXODQGWRGHSHQGXSRQRQH
DQRWKHU
x 7KH\PXVWZRUNWRKHOSFUHZPDWHVGHDOZLWKSV\FKRORJLFDODQGSK\VLFDOVWUHVVHV
x 7KH\DUHUHTXLUHGWRDGDSWWROLPLWHGFRPIRUWDQGUHFUHDWLRQDODPHQLWLHV
x 7KH\PXVWEHSUHSDUHGIRUIDWLJXLQJZRUNRYHUORDGVDQGVWLPXOLGHSULYDWLRQV
x 7KH\PXVWEHWUDLQHGDQGHTXLSSHGWRGHDOZLWKHTXLSPHQWPDOIXQFWLRQV
&RPPRQW\SHVRIFRQVWUDLQWVSODFHVWULQJHQWUHTXLUHPHQWVDQGVHYHUHUHVWULFWLRQVRQKDELWDW
GHVLJQDQGRSHUDWLRQV
x /LPLWHGLQWHUQDOYROXPHVFRQVWUDLQVWRUDJHDQGKXPDQDFWLYLWLHV
x /LPLWDWLRQV RQ HTXLSPHQW ODERU DQG SURFHVVHV FRQVWUDLQ VWUXFWXUH
DVVHPEO\GHSOR\PHQWSURFHGXUHV
x /LPLWDWLRQVRQPDLQWHQDQFHDQGUHSDLUVSHRSOHWRROVVSDUHVDQGPHWKRGVFRQVWUDLQ
PDLQWHQDQFHDQGUHSDLURSWLRQV
x 6DIHW\DQGRSHUDWLRQVXQGHUKDUVKHQYLURQPHQWDOFRQGLWLRQVDQGGHPDQGLQJPLVVLRQ
VFKHGXOHVSRVHVDIHW\DQGRSHUDWLRQDOFKDOOHQJHV

4.3 Paper III (2010) Method – lessons learned from cross-environmental 
planning and design  
7KLV SDSHU ZDV EDVHG RQ WKH UHVHDUFK , FRQGXFWHG IRU VHYHUDO \HDUV DW WKH 6DVDNDZD
,QWHUQDWLRQDO &HQWHU IRU 6SDFH $UFKLWHFWXUH DW WKH 8QLYHUVLW\ RI +RXVWRQ DQG IRFXVHG RQ
LGHQWLILFDWLRQ RI LPSRUWDQW OHVVRQV WKDW FDQ EH DSSOLHG WR GHVLJQ SURFHVV DFURVV YDULRXV
HQYLURQPHQWDOVHWWLQJV'LIIHUHQWH[WUHPHHQYLURQPHQWVRQ(DUWKSURYLGHYHQXHVIRUWHVWLQJ
IDFLOLWLHVGLYHUVHLVVXHVDQGLQIOXHQFHVWKDWDSSO\WRVSDFHPLVVLRQV,GHQWLILFDWLRQRIFRPPRQ
SULRULWLHVLVVXHVDQGFKDOOHQJHVOHDGVWRDSRVVLELOLW\RIFUHDWLQJDFRPPRQPHWKRGRORJ\WKDW
FDQEHDSSOLHGWRGHVLJQDQGSODQQLQJIRUYDULRXVH[WUHPHHQYLURQPHQWVDQGDGMXVWHGWRGLYHUVH
KDUVKFRQGLWLRQV +XPDQUHTXLUHPHQWVDQGHQYLURQPHQWDOIDFWRUVVSHFLILF WRHDFKGLIIHUHQW
W\SHRIHQYLURQPHQWRSHUDWLRQDQGIDFLOLW\PXVWEHFRUUHODWHGZLWKUHVXOWLQJSODQQLQJQHHGV
6RPHJHQHUDOFRQVLGHUDWLRQVDUHOLVWHGEHORZLQWKH7DEOH



7DEOH3ODQQLQJFRQVLGHUDWLRQV

2QHRIUHVHDUFKPHWKRGRORJLHVWKDW,XVHLQP\ZRUNLV)LJXUHV2I0HULW)20DSSURDFK
Figures Of Merit (FOM),DFRPPRQIRUPDWWKDWLVIUHTXHQWO\XVHGE\WKH1DWLRQDO$HURQDXWLFV
DQG6SDFH$GPLQLVWUDWLRQ1$6$FHQWHUVDVD³SUDFWLFDODQGHIILFLHQWZD\WRFKDUDFWHUL]HDQG
FRPSDUHSURMHFW¶VDWWULEXWHVDQGWRHYDOXDWHWKHP´
%XVLQHVVGLFWLRQDU\GHILQHV)20TXLWHVLPLODU
³1XPHULFDOYDOXH UHSUHVHQWLQJDPHDVXUHRIHIIHFWLYHQHVV HIILFLHQF\SHUIRUPDQFHRURWKHU
LPSRUWDQW IDFWRU DQG DVFHUWDLQHG RU DSSUR[LPDWHG IURP DQDO\VLV DSSUDLVDO RU HVWLPDWLRQ
WHFKQLTXHV´%XVLQHVV'LFWLRQDU\FRP
&ODVVLILFDWLRQRI UHFXUUHQW DQG VSHFLILF WR HQYLURQPHQW HYHQWVDQG FDWHJRUL]LQJ WKHPXVLQJ
)20LVSUHVHQWHGLQWKH7DEOH

6HWWLQJV
)DFWRUV 3RODUUHJLRQV 8QGHUZDWHU 'HVHUWV 'LVDVWHUDUHDV
7UDQVSRUWDWLRQ
(QYLURQPHQW
&UHZ
6L]HDFWLYLWLHV
GXUDWLRQV    
&RQVWUXFWLRQPHWKRGV
6DIHW\DQG
(PHUJHQF\
UHTXLUHPHQWV    
0D[LPXP 0HGLXP  /HVV

7DEOH&RPSDWLELOLW\DQGWHVWLQJDELOLWLHVRIWHUUHVWULDODQDORJVHWWLQJVIRUVSDFH
DSSOLFDWLRQV

+XPDQUHTXLUHPHQWV (QYLURQPHQWDOLQIOXHQFHV
1XPEHURIRFFXSDQWV 6WUXFWXUHVHOHFWLRQDQGFRQVWUXFWLRQRSWLRQV
6RFLDOFXOWXUDOLQIOXHQFHV &OLPDWHWKHUPDOFKDUDFWHULVWLFVRIWKHVLWH
7LPHIUDPHPLVVLRQGXUDWLRQ /RJLVWLFDOUHTXLUHPHQWVDQGVFKHGXOLQJ
6SHFLDOVDIHW\KD]DUGV 7\SHVDQGOHYHOVRIGDQJHU
(PHUJHQF\HVFDSHPHDQV 3UR[LPLW\WRPDMRUWUDQVSRUWDWLRQPRGHV
5HF\FOLQJRIH[SHQGDEOHV 7\SHRIVXUIDFHWUDQVSRUWDWLRQ
3ULPDU\PLVVLRQREMHFWLYHVSXUSRVHV ,QVLWXUHVRXUFHXWLOL]DWLRQSRVVLELOLWLHV


8VLQJWKH)20PHWKRGKHOSVWRLGHQWLI\LPSRUWDQWOHVVRQVWKDWFDQEHDSSOLHGDFURVVGLIIHUHQW
VHWWLQJVZKLFKSUHVHQWFRPPRQSULRULWLHVLVVXHVDQGFKDOOHQJHV6XFKHQYLURQPHQWVLQFOXGH
IXWXUHEDVHVRQWKH0RRQDQG0DUVRIIVKRUHVXUIDFHDQGVXEPHUVLEOHIDFLOLWLHVSRODUUHVHDUFK
DQGRLOQDWXUDOJDVH[SORUDWLRQVWDWLRQVPLOLWDU\GHVHUWRSHUDWLRQVDQGQDWXUDODQGPDQPDGH
HPHUJHQF\VKHOWHUV


 


 3DSHUV,,,DQG,,,DEVWUDFWVDQGV\QRSVHV
3DSHU , $XWRQRPRXV $UFKLWHFWXUH 3URSRVDO IRU 6XPPLW 6FLHQFH 6WDWLRQ LQ
*UHHQODQG
3HHUUHYLHZHGFRQIHUHQFHSDSHUSUHVHQWHGDW,&(6LQ-XO\
$XWKRUV%DQQRYD2&ROOHJHRI$UFKLWHFWXUH8QLYHUVLW\RI+RXVWRQ6PLWK,	/DQGVFKXO]
$eFROH3RO\WHFKQLTXH)pGpUDOHGH/DXVDQQH

7KLV SDSHU LQYHVWLJDWHV GHVLJQ UDWLRQDOH LQIOXHQFHG E\ UHPRWH ORFDWLRQ HQYLURQPHQWDO
FKDOOHQJHV IXQFWLRQDO YHUVDWLOLW\ DQG FOLHQW UHTXLUHPHQWV 7KH UHVHDUFK ILQGLQJV ZHUH
LPSOHPHQWHGLQWRGHVLJQRIDVFLHQFHVWDWLRQDQGUHVXOWHGLQEXLOGLQJDPRFNXSWKDWZDVWHVWHG
LQ WKH RULJLQDO ORFDWLRQ RI WKH 6XPPLW VWDWLRQ LQ*UHHQODQG 7KH SURMHFWZDV FRQGXFWHG LQ
FROODERUDWLRQ ZLWK FRPSXWDWLRQDO HQJLQHHULQJ GHSDUWPHQW RI WKH 3RO\WHFKQLF 8QLYHUVLW\ RI
/DXVDQQH6ZLW]HUODQG

$EVWUDFW
7KLVSDSHUUHSRUWVUHVXOWVRIFROODERUDWLRQEHWZHHQWKH6DVDNDZD,QWHUQDWLRQDO&HQWHUIRU6SDFH
$UFKLWHFWXUH6,&6$+RXVWRQ86$DQGWKH$SSOLHG&RPSXWLQJDQG0HFKDQLFV/DERUDWRU\
,0$&/DXVDQQH6ZLW]HUODQG$GHVLJQSURMHFWKDVEHHQLQLWLDWHGLQUHVSRQVHWRJURZLQJ
LQWHUQDWLRQDOVFLHQWLILFUHVHDUFKLQWHUHVWDW6XPPLW6WDWLRQLQ*UHHQODQGDQGDUHTXLUHPHQWIRU
EHWWHUDFFRPPRGDWLRQDQGVXSSRUW5HVHDUFKDW,0$&LQYROYHVWKHVWXG\RILQWHOOLJHQWFDEOH
VWUXW VWUXFWXUHV WKDW DUH DGDSWDEOH DQG VHOIUHSDLULQJ $Q DUFKLWHFWXUDO DQG HQJLQHHULQJ
GHYHORSPHQWDSSURDFKDVZHOODVFRQFHSWXDOSURSRVDOVIRUWKH6XPPLW6WDWLRQLQ*UHHQODQG
IRUVFLHQFHUHVHDUFKDQGRSHUDWLRQDOVXSSRUWLVSURSRVHG
7KHSURSRVHGIDFLOLW\LQ*UHHQODQGVXSSRUWVSHRSOHGXULQJWKHVXPPHUVHDVRQDQGSHRSOH
GXULQJ WKHZLQWHUWLPH 3ULPDU\ HOHPHQWV RI WKHPRGXODU FRQILJXUDWLRQ LQFOXGH D WULDQJXODU
SODWIRUPZLWK WZR XSSHU IORRUV WKDW LV VXSSRUWHG E\ WKUHH MDFNLQJ FROXPQV 7KLV DSSURDFK
PHDQVWKDWVWUXFWXUHFDQEHDGMXVWHGWRDFFRPPRGDWHGLIIHUHQWLDOVHWWOHPHQWRIVXSSRUWV$Q
DGDSWDEOH DSURQ VWUXFWXUH DURXQG WKH SULPDU\ SODWIRUP LV XVHG WR PRGLI\ WKH IRUP RI WKH
XQGHUVLGHRIWKHSODWIRUPWRPDLQWDLQSUHGHWHUPLQHGFOHDUDQFHFULWHULDEHWZHHQWKHVWUXFWXUH
DQG OHYHO EHORZ WKHUHE\ DYRLGLQJ H[FHVVLYH VQRZ DFFXPXODWLQJ DURXQG WKH EXLOGLQJ DQG
PLQLPL]LQJGULIWLQJDQGVFRXUXQGHUQHDWKLWRQ0DUVGXVWVWRUPVPLJKWEHWKHGLIILFXOW\$
VHSDUDWHVWUXFWXUHIRUDPHFKDQLFDOVKRSDQGSRZHUVXSSRUW LVDGGHGWRFRPSOHWHWKH LQLWLDO
FRQILJXUDWLRQ,PSRUWDQWSULRULWLHVDUHWRSURYLGHDKLJKTXDOLW\HQYLURQPHQWDQGWRPLQLPL]H
GHYHORSPHQWFRQVWUXFWLRQDQGRSHUDWLRQDOFRVWVZKLOHRSWLPL]LQJVDIHW\YHUVDWLOLW\DXWRQRP\
DQGKXPDQIDFWRUV
7HVWLQJRIDSO\ZRRGPRGHORIWKHSULPDU\IDFLOLW\WKDWZDVLQVWDOOHGLQ6XPPLWLQ0D\
DQGDZLQGWXQQHOPRGHODW(3)/FRQILUPHGWKDWLIWKHVWUXFWXUHZDVQRWVXIILFLHQWO\HOHYDWHG
GULIWLQJFRXOGEXU\LW,PSRUWDQWSDUDPHWHUVDUHWKHVKDSHRIWKHEXLOGLQJWKHIRUPRIWKHERWWRP
RIWKHSODWIRUPVQRZDFFXPXODWLRQSRLQWVVQRZGULIWGLVWULEXWLRQZLQGGLUHFWLRQZLQGVSHHG
DQGGLVWDQFHEHWZHHQWKHVWUXFWXUHDQGWKHVQRZVXUIDFH
 


3DSHU ,, &DQ:H 7HVW 'HVLJQ IRU &RPLQJ ,QWHUSODQHWDU\ ([SHGLWLRQV LQ WKH
$UFWLF"
&RQIHUHQFHSDSHUSUHVHQWHGDW$,$$6SDFHLQ6HSWHPEHU
$XWKRUV %DQQRYD 2 &ROOHJH RI $UFKLWHFWXUH 8QLYHUVLW\ RI +RXVWRQ 	 -RUJHQVHQ -
6SDFH$UFK&RSHQKDJHQ

7KLVSDSHUIRFXVHGRQSV\FKRORJLFDODVSHFWVRI OLYLQJDQGVXUYLYLQJ LQ UHPRWHDQG LVRODWHG
FRQGLWLRQVDQGKRZDUFKLWHFWXUDOGHVLJQFDQLQIOXHQFHDQGLPSURYHSV\FKRORJLFDOFOLPDWHDQG
RYHUDOOKXPDQKHDOWKDQGOLIHFRQGLWLRQV

$EVWUDFW
1HZ VSDFH H[SORUDWLRQ SURJUDPV DURXQG WKH ZRUOG VKRZ JURZLQJ GHPDQG RQ UHVHDUFK LQ
KXPDQIDFWRUVLQWHUDFWLRQEHWZHHQFUHZPHPEHUVDQGWKHLUKDELWDWHQYLURQPHQWKXPDQDQG
URERWLFUHODWLRQV7KH\HDULVDQQRXQFHGDVDQ,QWHUQDWLRQDO3RODU<HDUWKDWSUHVHQWV
DQH[FHOOHQWRSSRUWXQLW\WRGHYHORSDSURMHFWIRUH[WUHPHHQYLURQPHQWDQGWRLQYHVWLJDWHGHVLJQ
FKDOOHQJHVDQGWHVWEHGRSSRUWXQLWLHVIRUVSDFHDSSOLFDWLRQV3URSRVHGSDSHUZLOOGLVFXVVNH\
VSDFH DUFKLWHFWXUDO DVSHFWV RI GHVLJQLQJ IRU H[WUHPH HQYLURQPHQWV DQG UHFLSURFLW\ EHWZHHQ
WHUUHVWULDO DQG VSDFH DUFKLWHFWXUH LQ D GLDORJXH EHWZHHQ VSDFH DUFKLWHFWXUH DQG VSDFH
SV\FKRORJ\ ([SHULHQFHV IURP SDVW SRODU H[SHGLWLRQV DQG KDELWDWV FDQ DFW DV EDFNJURXQG
LQIRUPDWLRQLQWKHGHVLJQSURFHVVIRFXVHGRQVXUYLYDELOLW\IXQFWLRQDOLW\DQGTXDOLW\RIOLIHIRU
WKHFUHZ7KHSDSHUZLOOGLVFXVVDSSOLFDWLRQRIWKHVHSULQFLSOHVWRGHVLJQVWXG\IRUDSODQQHG
QHZUHVHDUFKVWDWLRQRQWKHFHQWHULFHFDSLQ*UHHQODQG6XPPLW,,

'XHWRDOPRVWFRPSOHWHLVRODWLRQLQZLQWHUWLPHWKH6XPPLWVWDWLRQSURMHFWKDGWRSURYLGHD
KLJKTXDOLW\GHVLJQWRRIIHUPRVWFRQYHQLHQWDQGFRPIRUWDEOHHQYLURQPHQWIRUWKHVFLHQWLVWV
DQG RSHUDWLRQ FUHZ PHPEHUV LW KDG WR EH VHOIVXIILFLHQW DQG VXVWDLQDEOH ,QWHULRU GHVLJQ
IXUQLWXUHOLJKWLQJFRORUVFKRLFHRIPDWHULDOVIDFLOLWLHVIRUSULYDWHWLPHDQGVRFLDOJDWKHULQJ
ZHUHYHU\LPSRUWDQWIRUFUHDWLQJDKRVSLWDEOHDQGZHOORUJDQL]HGTXDUWHUVIRUVWDWLRQSRSXODWLRQ
DVDPLFURVRFLHW\%DQQRYD'HVLJQFRQVLGHUDWLRQVIRUH[WHULRUDQGLQWHULRUFRQILJXUDWLRQVRI
VXUIDFHKDELWDWPRGXOHV6XFKUHTXLUHPHQWVDUHYHU\W\SLFDOZKHQGHVLJQLQJIRUUHPRWH
ORFDWLRQVDQGHVVHQWLDOIRUVXFFHVVIXOSODQQLQJDQGGHYHORSPHQWLQKDUVKFOLPDWHDQGGLVDVWHU
DUHDV

 


3DSHU ,,, 7HUUHVWULDO $QDORJ 6HOHFWLRQ &RQVLGHUDWLRQV IRU 3ODQHWDU\ 6XUIDFH
)DFLOLW\3ODQQLQJDQG2SHUDWLRQV
%RRNFKDSWHULQ/XQDU6HWWOHPHQWV(GLWHGE\+%HQDUR\D
$XWKRU%DQQRYD2&ROOHJHRI$UFKLWHFWXUH8QLYHUVLW\RI+RXVWRQ

7KLVDUWLFOHWDONVDERXWUHFLSURFLW\RIFRQGLWLRQVVSHFLILFWRFKDOOHQJLQJHQYLURQPHQWV7KRVH
FRQGLWLRQVGHPDQG LPSRUWDQW GHVLJQ DQGSODQQLQJ FRQVLGHUDWLRQV WR EH DGGUHVVHG DW HDUOLHU
VWDJHVRIGHYHORSPHQWDQGWKURXJKRXWWKHLPSOHPHQWDWLRQSURFHVV

$EVWUDFW
7KLVSDSHUZLOOGUDZSDUDOOHOVDQGGHILQHGLIIHUHQFHVEHWZHHQIDFWRUVWKDWGULYHWKHSODQQLQJ
DQGGHVLJQRIKXPDQVXUIDFHIDFLOLWLHVLQVSDFHDQGLQH[WUHPHHQYLURQPHQWVRQ(DUWK3ULPDU\
HPSKDVHV ZLOO KLJKOLJKW LQIOXHQFHV XSRQ JHQHUDO KDELWDW UHTXLUHPHQWV FRQVWUDLQWV XSRQ
GHOLYHU\ DQG FRQVWUXFWLRQ DQG VSHFLDO SURYLVLRQV IRU VDIHW\ DQG KD]DUG LQWHUYHQWLRQV 7KH
RYHUDOOLQWHQWLVWRLGHQWLI\LPSRUWDQWOHVVRQVWKDWFDQEHDSSOLHGDFURVVGLIIHUHQWVHWWLQJVZKLFK
SUHVHQWFRPPRQSULRULWLHVLVVXHVDQGFKDOOHQJHV6XFKHQYLURQPHQWVLQFOXGHIXWXUHEDVHVRQ
WKH0RRQDQG0DUVRIIVKRUHVXUIDFHDQGVXEPHUVLEOHIDFLOLWLHVSRODUUHVHDUFKDQGRLOQDWXUDO
JDV H[SORUDWLRQ VWDWLRQV PLOLWDU\ GHVHUW RSHUDWLRQV DQG QDWXUDO DQG PDQPDGH HPHUJHQF\
VKHOWHUV
,PSRUWDQWWRSLFVRIHPSKDVLVLQFOXGHWKHIROORZLQJFRQVLGHUDWLRQV
x 'HVLJQLQIOXHQFHVGULYHQE\WUDQVSRUWWRUHPRWHVLWHV
x (QYLURQPHQWDOLQIOXHQFHVXSRQIDFLOLWLHVDQGFRQVWUXFWLRQ
x ,QIOXHQFHVRIFUHZVL]HVW\SHVRIDFWLYLWLHVDQGRFFXSDQF\GXUDWLRQV
x ,QIOXHQFHVRIFRQVWUXFWLRQPHWKRGVDQGVXSSRUWLQIUDVWUXFWXUHV
x 6SHFLDOVDIHW\DQGHPHUJHQF\UHVSRQVHUHTXLUHPHQWV

7KLVSUHVHQWDWLRQZLOOGUDZXSRQUHVHDUFKDQGGHVLJQDFWLYLWLHVDWWKH6DVDNDZD,QWHUQDWLRQDO
&HQWHUIRU6SDFH$UFKLWHFWXUH6,&6$,QIRUPDWLRQ LVDOVR WDNHQIURPD6,&6$VSRQVRUHG
FRQIHUHQFH ³,QWHUQDWLRQDO 'HVLJQ IRU ([WUHPH (QYLURQPHQWV 2QH´ ,'(($2QH DW WKH
8QLYHUVLW\RI+RXVWRQZKLFKDWWUDFWHGPRUH WKDQ LQWHUGLVFLSOLQDU\SDUWLFLSDQWV IURP
FRXQWULHVUHSUHVHQWLQJGLYHUVHSURIHVVLRQVDQGHQYLURQPHQWDOVHWWLQJV

  


 6KDSLQJUHVHDUFKVWUDWHJ\
7KHIRXQGDWLRQRIIRUPLQJDUHVHDUFKVWUDWHJ\LVLGHQWLILFDWLRQRISURIHVVLRQDOGLVFLSOLQHVDV
WRROVWKDWVKRXOGFROODERUDWHDQGLQWHUDFWZLWKHDFKRWKHULQRUGHUWRDFKLHYHFRPSUHKHQVLYH
DQGEDODQFHGGHVLJQVROXWLRQVWKDWZRXOGVDWLVI\KXPDQQHHGVDQGPLJKWEHDSSOLHGWRGLYHUVH
H[WUHPHHQYLURQPHQWV,WLVFULWLFDOWRGHPRQVWUDWHLPSRUWDQFHRIDGGUHVVLQJDOOW\SHVRIKXPDQ
DFWLYLWLHV DW HDUOLHU VWDJHV RI VWUXFWXUHV DQG IDFLOLWLHV GHVLJQ UDWKHU WKDQ DGDSWLQJ H[LVWLQJ
HQJLQHHULQJVROXWLRQVWRYDULRXVKXPDQQHHGVDQGLQFRUSRUDWLQJWKHPLQWRILQDOGHVLJQSURGXFW
%DQQRYD+DUULVRQHWDO6LQFH6SDFH$UFKLWHFWXUHDQGH[WUHPHHQYLURQPHQWGHVLJQ
DQGSODQQLQJSUDFWLFHLVDYHU\EURDGILHOGGHWHUPLQLQJDQGFRXQWHUEDODQFLQJDWWHQWLRQRQDOO
XQGHUGHYHORSHGGLPHQVLRQVRI ODWWHU LVHVVHQWLDO WR WKH ORQJWHUPJRDORIGHYHORSLQJEHWWHU
PRUHHIIHFWLYHDQGPRUHDGHTXDWHKXPDQHQYLURQPHQWVLQFKDOOHQJLQJFRQGLWLRQV7ZRFRUH
QHHGVDUHFRQVLGHUHGWREHHVVHQWLDOIRUWKHILHOGRIH[WUHPHHQYLURQPHQWGHVLJQDQGHGXFDWLRQ
HGXFDWLQJ WKH HQJLQHHULQJ FRPPXQLW\ DERXW WKH DUFKLWHFW¶V SURFHVV DQG UROH ZLWKLQ WKH
HQWHUSULVH HGXFDWLQJ DUFKLWHFWV DQG DVVRFLDWHG VSHFLDOLVWV DERXW FRQVWUDLQWV FRQGLWLRQV DQG
SULRULWLHV XQLTXH WR ORFDWLRQV ZLWK UHPRWH DQG KDUVK FRQGLWLRQV %DQQRYD DQG %HOO 6SDFH
$UFKLWHFWXUH(GXFDWLRQDV3DUWRI$HURVSDFH(QJLQHHULQJ&XUULFXOXP
,ORRNHGDQGHYDOXDWHGVHYHUDOUHVHDUFKPHWKRGVWKDWFDQEHDSSOLHGWRUHYLHZDQGDQDO\]HP\
GHVLJQIRUH[WUHPHHQYLURQPHQWVH[SHULHQFHLQFOXGLQJFDVHVWXGLHV,GHVFULEHGHDUOLHULQWKH
VHFWLRQ
 6FLHQFHDQGGHVLJQPHWKRGRORJ\1&URVV
 6WDQGDUGL]HGFDVHVWXG\DSSURDFK%DWWLVWRDQG)UDQTXL
 'HYHORSPHQWRI)LJXUHV2I0HULW)201$6$
 $QDO\]LQJHIIHFWLYHQHVVXVLQJ/LYLQJ/DESURMHFWDVDWRRO
7KHZKROH LGHDRIFUHDWLQJDdesign methodologyKDVEHHQKHDYLO\FULWLFL]HGDQGGLVFXVVHG
VLQFH V &URVV 'HVLJQHUO\ ZD\V RI NQRZLQJ  EXW KDV EHHQ PRUH DFFHSWHG E\
DUFKLWHFWXUDO FRPPXQLW\ ODWHU &KDUDFWHULVWLFV DQG GLIIHUHQFHV EHWZHHQ VFLHQFH DQG GHVLJQ
DSSURDFKHVZHUHH[SORUHGE\GHVLJQWKHRULVWVVLQFHHDUOLHUGD\V$OH[DQGHU$OH[DQGHU
LQKLV³1RWHVRQWKH6\QWKHVLVRI)RUP´FRPSDUHV
³6FLHQWLVWV WU\ WR LGHQWLI\ FRPSRQHQWV RI H[LVWLQJ VWUXFWXUHV GHVLJQHUV WU\ WR VKDSH WKH
FRPSRQHQWVRIQHZVWUXFWXUHV´
1LJHO&URVVQRWHVWKDWHYHQWKRXJKGHVLJQPHWKRGRORJ\RULJLQDWHVIURPVFLHQWLILFPHWKRGV
WKH\ VKRXOG QRW EHPLVWDNHQ RQHZLWK DQRWKHU &URVV 6FLHQFH DQG GHVLJQPHWKRGRORJ\ D
UHYLHZ :KLOH VFLHQWLILF PHWKRGRORJ\ FDOOV IRU SUREOHP VROYLQJ E\ DQDO\VLV GHVLJQ
PHWKRGRORJ\ GHDOV ZLWK SUREOHPV WKURXJK V\QWKHVLV &URVV 'HVLJQHUO\ZD\V RI NQRZLQJ
,QVGHVLJQPHWKRGRORJ\JUHZLQWRDPRUHGHYHORSHGDFDGHPLFGLVFLSOLQHEXWVWLOO
KDGOLWWOHLQIOXHQFHDQGSUDFWLFDODSSOLFDWLRQ,VXVSHFWWKDWLWKDVQRWKDSSHQHGRQDELJJHUVFDOH
EHFDXVHRIWKHLQGLYLGXDORUVXEMHFWLYHQDWXUHRIGHVLJQDQGVHFRQGO\EHFDXVHGHVLJQSURFHVVHV
DUH XVXDOO\ GLVWDQW IURP HQJLQHHULQJ DQG VFLHQWLILF UHVHDUFK SDUWV RI WKH RYHUDOO SODQQLQJ
SURFHVV
(IIHFWLYHQHVVRIstandardization of case studies’ approachesKDVEHHQDOVRTXHVWLRQHGUHFHQWO\
DQG VRPH DUJXPHQWDWLRQ FDQ EH IRXQG LQ UHFHQW SXEOLFDWLRQV DW DUFKLWHFWXUDO UHVHDUFK
FRQIHUHQFHV%DWWLVWRDQG)UDQTXL%DWWLVWRDQG)UDQTXLDGYRFDWHWKDWSODQQHGFDVHVWXG\
GHVLJQUHVHDUFKPHWKRGRORJ\³FRXOGEHXVHGWRLQIRUPWKHGHYHORSPHQWRIGHVLJQJXLGHOLQHV
UXOHVRIWKXPEDQG³EHVWSUDFWLFHV´
Figures Of Merit (FOM) DSSURDFKLVGHVFULEHGHDUOLHULQ&KDSWHULQUHODWLRQWRSDSHU,,,. 
(YHQWKRXJKLWPD\QRWVHHPWREHYHU\SUDFWLFDOWRFRPSDUHSURSRVHGFDVHVWXGLHVHOHPHQWV
XVLQJ)LJXUHV2I0HULWWHFKQLTXHDVPDQ\RIWKHVHSURMHFWV¶DWWULEXWHVDUHUDWKHUTXDOLWDWLYH
WKDQTXDQWLWDWLYHE\WKHQDWXUHRIDUFKLWHFWXUDOGLVFLSOLQHLWVHOILWDSSHDUVWREHLPSRUWDQWWR
XQGHUVWDQGWKH)LJXUHV2I0HULWDSSURDFKZKHQGLIIHUHQWGHVLJQVROXWLRQVDUHFRPSDUHGDQG


HYDOXDWHG$SSOLFDWLRQRIWKLVPHWKRGWRUHVXOWVRIFDVHVWXGLHVUHVHDUFKSUHFHGHVWHVWLQJDQG
HYDOXDWLRQVWDJHRISURSRVHGH[WUHPHHQYLURQPHQWPHWKRGRORJ\PDWUL[

6.1 Trans-disciplinary approach to design strategy 
0LQLPDOLVWLFDQGVXVWDLQDEOHDSSURDFKWRGHVLJQDQGSODQQLQJLQH[WUHPHFRQGLWLRQVFDQEH
FRQVLGHUHG D FRUH RI VWUDWHJLF HIIRUWV IRU SODQQLQJ GHYHORSPHQWV LQ UHPRWH ORFDWLRQV ZLWK
OLPLWHG RU DEVHQW LQIUDVWUXFWXUH WUDQVSRUWDWLRQ DQG UHVRXUFHV $ ORW FDQ EH OHDUQHG IURP
VWUDWHJLFSODQQLQJ IRU VSDFHH[SORUDWLRQPLVVLRQVZKLFKDGGUHVVHVQRWRQO\ UHTXLUHPHQWV WR
PHHWEDUHVWOLYLQJDQGZRUNHVVHQWLDOVEXWWRFRQVLGHUHYROXWLRQDU\SDWKZD\VIRUZDUGDVZHOO
7KLVHQWDLOVDGHOLEHUDWHORQJYLHZSHUVSHFWLYHRISURJUHVVLYHJURZWKVHTXHQFHVUDQJLQJIURP
HDUO\H[SHGLWLRQDU\PLVVLRQV±WRRSHUDWLRQDORXWSRVWV±WRPRUHVHOIVXIILFLHQWVHWWOHPHQWVWKDW
SURFHVVDQGPD[LPL]HXVHRILQVLWXUHVRXUFHV%DQQRYDDQG%HOO'HVLJQLQJ)URP0LQLPXP
WR 2SWLPXP )XQFWLRQDOLW\  $ VHW RI )LJXUHV RI0HULW IRU GHVLJQ FRQVLGHUDWLRQV DQG
FRPSDULVRQ WDEOHVDQGPDWUL[HVFDQEHXVHGDVDQHIIHFWLYHPHWKRGRORJ\IRUDQDO\VLVRIDOO
GHVLJQHOHPHQWVIRUHYHU\VWDJHRIDVHWWOHPHQWRURWKHUSODQQHGDQGEXLOWGHYHORSPHQWV7KDW
FDQEHGHYHORSHGIXUWKHUDQGSURSRVHGDVDSODQQLQJPDWUL[ZLWKPXOWLGLVFLSOLQDU\SOXJLQV
ZKHUHDOOHOHPHQWVFDQEHDGGUHVVHGDQGWDFNOHGVLPXOWDQHRXVO\%DQQRYD7HUUHVWULDO$QDORJ
6HOHFWLRQ&RQVLGHUDWLRQVIRU3ODQHWDU\6XUIDFH)DFLOLW\3ODQQLQJDQG2SHUDWLRQV
'HWHUPLQDWLRQDQGHYDOXDWLRQRIUHFXUUHQWDQGVSHFLILFWRSURMHFWGHVLJQDVSHFWVLVDQHFHVVDU\
VWHSRIWKHUHVHDUFKSURFHVVLQRUGHUWRGHYHORSDGHVLJQDQGSODQQLQJPHWKRGRORJLFDODSSURDFK
6WUXFWXUDODQGLQIUDVWUXFWXUDOGHVLJQVROXWLRQVGHSHQGRQORFDWLRQLQHYHU\GHVLJQFDVHDQGDUH
DOZD\V FKDOOHQJHG E\ H[WUHPH FRQGLWLRQV , ORRN DW VWUXFWXUDO DQG LQIUDVWUXFWXUDO GHVLJQ
HOHPHQWVDQGGHULYHGDUFKLWHFWXUDOUHTXLUHPHQWVVSHFLILFWRWKHHQYLURQPHQWWKH\DSSOLHG
$QRWKHULPSRUWDQWDQGVLJQLILFDQWSDUWRIUHVHDUFKDGGUHVVHGRWKHUWKDQSK\VLFDOFRQGLWLRQVLQ
H[WUHPHHQYLURQPHQWVDQGFRQFHQWUDWHGRQKXPDQLVWLFSHUVSHFWLYHVDQGRWKHUQRQSK\VLFDOO\
PHDVXUDEOHTXDOLWLHVDQGVLGHVRIKXPDQOLIH

6.2 Second case study analysis 
6HFRQG FDVH VWXG\ LV EDVHG RQ D SURMHFW FRQGXFWHG DW 6,&6$ DQG VXSSRUWHG E\ WKH ,&)
,QWHUQDWLRQDO &UDQH )RXQGDWLRQ WR GHVLJQ 0XUDYLRYND 3DUN IRU 6XVWDLQDEOH /DQG 8VH
GHYHORSPHQWSODQLQ5XVVLDQ)DU(DVW$PXUUHJLRQ)LJXUH

)LJXUH0DSRI5XVVLD Source: O. Bannova modified from www.wikitravel.org. 
0XUDYLRYND SDUN LV GHGLFDWHG WR UHVHDUFK SURWHFWLRQ UHVWRUDWLRQ DQG PDQDJHPHQW RI
HQGDQJHUHG ZLOGOLIH VSHFLHV DQG FRPPXQLWLHV 7KH SDUN ZDV HVWDEOLVKHG LQ  E\ WKH
,QWHUQDWLRQDO 6RFLRHFRORJLFDO 8QLRQ ,6(8 0RVFRZ RQ  KHFWDUHV RI ZHWODQGV DQG
0XUDYLRYNDSDUN


DUDEOHODQGVOHDVHGLQIURP7DPERYNDGLVWULFWDXWKRULWLHVLQ$PXUUHJLRQRIVRXWKHDVWHUQ
5XVVLD7KHSDUNLVWKHILUVWSULYDWHO\RSHUDWHGQDWXUHWHUULWRU\LQ5XVVLDDQGLVVXSSRUWHGE\
,&)LQWHUQDWLRQDODQGORFDOGRQDWLRQVDQGE\LWVVXVWDLQDEOHRSHUDWLRQPDQDJHPHQW
6L[VSHFLHVRIFUDQHVWKH2ULHQWDO:KLWH6WRUNDQGRYHURWKHUUDUHDQGHQGDQJHUHGVSHFLHV
RIELUGVLQKDELWWKHSDUN7KHSDUNDQGDGMDFHQWWHUULWRULHVLQWKH$PXU5LYHUYDOOH\SUHVHQW
YHU\XQLTXHHQYLURQPHQWDOFRQGLWLRQVDQGZHUHLQFOXGHGLQWKH5DPVDU/LVWRI:HWODQGVRI
,QWHUQDWLRQDO,PSRUWDQFH7KH5DPVDU&RQYHQWLRQRQ:HWODQGV
7KHSDUN¶VPDQDJHPHQWLVLPSOHPHQWLQJVXVWDLQDELOLW\LQWRSDUNSUDFWLFHVDLPLQJWRSURYLGH
LQGHSHQGHQW RSHUDWLRQDO VXSSRUW 7KH PDMRU JRDO LV WR EHQHILW ZLOGOLIH DQG HFRORJLFDO
FRQVHUYDWLRQDQGDWWKHVDPHWLPHLQFUHDVHOLYLQJVWDQGDUGVDQGHGXFDWLRQDOOHYHORIWKHORFDO
FRPPXQLW\)LJXUHVXPPDUL]HVDFWLYLWLHVWKDWFDQEHRUDOUHDG\DUHFDUULHGRXWLQWKHSDUN
DQGUHODWLRQVKLSVDQGRSSRUWXQLWLHVWKDWWKH\SUHVHQW



)LJXUH5HODWLRQVKLSVEHWZHHQ0XUDYLRYNDSDUNDFWLYLWLHV Source: O. Bannova.

7KHSXUSRVHRIWKHSURMHFWZDVWRSURGXFHDQHZGHYHORSPHQWSODQH[SDQGLQJSDUN¶VH[LVWLQJ
FDSDELOLWLHVIDFLOLWDWLQJLWVDFWLYLWLHVDQGRSWLPL]LQJXVDJHRIFXUUHQWIDFLOLWLHVDQGRSHUDWLRQV
7KH GHVLJQ DSSURDFK ZDV EDVHG RQ WKH LGHD RI FUHDWLQJ DQ HQYLURQPHQW WR IDFLOLWDWH
VXVWDLQDELOLW\LQDOOVSKHUHVRIOLIHVRFLDOFXOWXUDOHFRQRPLFDQGWHFKQRORJLFDO
$WWKH0XUDYLRYND3DUN,IRFXVHGRQFUHDWLQJDGHYHORSPHQWSODQIRUWKHSDUNWKDWRIIHUVD
XQLTXHVHQVHRISODFH7KHJRDOZDVWRHQFRXUDJHVXVWDLQDEOHSODQQLQJDQGOLYLQJWKURXJKD
KLJKO\QDWXUDOH[DPSOH2QHRIELJJHVWFKDOOHQJHVZDV WKDW WKHSDUNKDVDVXEVWDQWLDO ORFDO
VXSSRUWRQSHUVRQDOOHYHODQGQRWPXFKRIVXSSRUWRQORFDOJRYHUQPHQWDOOHYHO0DMRUGHVLJQ
VROXWLRQVDFFRPPRGDWHGWKHIROORZLQJ
x ([WUHPHWHPSHUDWXUHVZLQJV
 %XLOGLQJHQYHORSHGHVLJQ
 %XLOGLQJ¶VRQVLWHRULHQWDWLRQ
Economics
•Tourism
•Events
•Transportation
Education
• regional culture
• eco-education
• exchange programs
Preservation
• habitation grounds
• wetlands
Opportunities
summerprogram;
partnerships;
agriculture
reforestation
ecosystemawareness;
ecoͲtourism


x (FRQRPLFV
 7UDGHZLWK&KLQD
 /RFDOVFDQEHQHILWIURPWKHYLVLWRUVFRPLQJWRWKHSDUN
x (GXFDWLRQ
 /RFDOV IURP %DOJRYHVKFKHQVN +HLKH DQG QHDUE\ YLOODJHV FDQ FRPH IRU
VHPLQDUVDQGVXPPHUFDPS
x 3UHVHUYDWLRQ
 /RFDOFLWL]HQVFDQKHOSEXLOGWKHSDUNDQGKHOSZLWKWKHXSNHHS
6XVWDLQDEOHGHVLJQVROXWLRQVLQFOXGHGDFFRPPRGDWLQJ7URPEHZDOOVWUXFWXUHVRODUSDQHOVDQG
EDWWHU\VWRUDJHHOHFWULFDQGVRODUZDWHUKHDWLQJEDVHERDUGKHDWLQJV\VWHP$SSHQGL[
:RUNRQWKLVSURMHFWGHPRQVWUDWHGWKDWSDUNGHYHORSPHQWDQGVXSSRUWLQLWLDWLYHVEHQHILWIURP
V\VWHPDWLFGHVLJQDSSURDFKSODQ'DWDFROOHFWLQJVWDJHDQGGHVLJQUHTXLUHPHQWVDOWKRXJKZLWK
VSHFLILFORFDODWWULEXWHVVKDUHGPDQ\DVSHFWVZLWK6XPPLWVWDWLRQSURMHFWDQGFRXOGEHGHDOW
IROORZLQJVLPLODUSURFHGXUHV7UDQVSRUWDWLRQSRZHUVXVWDLQDELOLW\HFRQRPLFTXHVWLRQVKDYH
WREHEURXJKWLQWRGHVLJQSURFHVVDWFRUUHVSRQGLQJVWDJHV
  


 )RUPLQJDUFKLWHFWXUDODWWLWXGH
6HHLQJD³ELJSLFWXUH´DQGWUHDWSUREOHPVKROLVWLFDOO\LVLPSRUWDQWWRIROORZDQDUFKLWHFWXUDO
DWWLWXGHZKHQWUHDWLQJSUREOHPVLQQRWVWULFWO\DUFKLWHFWXUDODUHDVRUGLVFLSOLQHV
$UFKLWHFWXUH DV D FROOHFWLYH DJHQF\ HQFRXUDJLQJ SDUWLFLSDQWV RU RWKHU DJHQFLHV WR DFW
³RWKHUZLVH´ WUDQVIHUULQJ OLQHV RI ³DJHQFHPHQWV´ LQWR PDSSLQJ UHODWLRQVKLSV ZLWK WLPH
LQWHUIHULQJ DQG DFWLQJ ZLWKLQ WKDW ZHE DV DQ DGGLWLRQDO ³DJHQF\´ ,I ³&RQVHTXHQFHV RI
DUFKLWHFWXUHDUHPRUHLPSRUWDQWWKDQREMHFWVRIDUFKLWHFWXUH´/DWRXUWKHQFRQQHFWLYLW\
DQG³ELJSLFWXUH´DUFKLWHFWXUHFDQEHDQDQVZHUWRPDQ\SUREOHPVWKDWDUFKLWHFWXUDOSUDFWLFHLV
IDFLQJQRZDQGGLIILFXOWLHVZKHQSODQQLQJODUJHVFDOHGHYHORSPHQWV)LJXUH


)LJXUH7UDQVIHUULQJDUFKLWHFWXUDO³OLPLWDWLRQV´LQWRDFWLRQVWKURXJKFULWLFDODUFKLWHFWXUHDQG
XQGHUVWDQGLQJRISUDFWLFHLWVHOI Source: O. Bannova.

)LJXUH  LOOXVWUDWHV WKH LGHD WKDW GLIILFXOWLHV RI GHDOLQJ ZLWK OLPLWDWLRQV GXULQJ SODQQLQJ
GHYHORSPHQWVLQFKDOOHQJLQJHQYLURQPHQWVFDQEHWUDQVIHUUHGLQWRDFWLRQVDVFULWLFDOHOHPHQWV
RIPHWKRGRORJLFDO DSSURDFK7KRVH DFWLRQV FDQPDNH D GLIIHUHQFHQRW RQO\ LQ FRQVWUXFWLRQ
LQGXVWU\EXWLQVRFLHW\E\FUHDWLQJDULSSOHHIIHFWRIHQDEOLQJVRFLDODQGFXOWXUDOVXVWDLQDELOLW\
WKURXJKSHUVRQDOUHVSRQVLEOHEHKDYLRU

7.1 Analysis of discussions and energy industry professionals’ surveys 
'LVFXVVLRQVZLWK$QGUHDV5XE\DQG0LFKDHO5RFNGXULQJD&RPPXQLFDWLRQVFRXUVH7RRUQ
RUJDQL]HGE\5HV$UFDWWKH6FKRRORI$UFKLWHFWXUHLQ8PHD6ZHGHQWULJJHUHGGHHSHU
DQDO\VLVRIDUROHRIDQDUFKLWHFWGXULQJSODQQLQJHIIRUWVLQ3RODU5HJLRQVDQGSUREDEO\RWKHU
H[WUHPHFRQGLWLRQV3HUKDSVWKHELJJHVWDUFKLWHFWXUDODVVHWLVWKHDELOLW\WRFUHDWHDQ³LQWHJUDO´
YLHZWRDSUREOHP'HVLJQLQJDEXLOGLQJPD\VHHPDVDILQDOSURGXFWRIDQDUFKLWHFWEXWLWLV
QRW±DEXLOGLQJLVPXFKPRUHFRPSOH[WKDQMXVWDdesignZKLFKLVVWLOODNH\HOHPHQWRIWKH


SURFHVV EXW QRW WKH RQO\ RQH 8QGHUVWDQGLQJ RI FRQQHFWLYLW\ EHWZHHQ GHVLJQ GLVFLSOLQHV
LQYROYHG LQGXVWULHV¶REMHFWLYHVXVHUSHUVSHFWLYHVDQGIXQFWLRQLQJRIEXLOGLQJVDQGIDFLOLWLHV
DIWHUFRQVWUXFWLRQLVRYHUUHTXLUHVXQGLYLGHGDQGFRQQHFWHGDSSURDFKWKDWDQDUFKLWHFWVKRXOG
EHDEOHDQGFDQEULQJWRWKHWDEOH
)RUEHWWHUXQGHUVWDQGLQJRIWKHFXUUHQWVLWXDWLRQZLWKHQHUJ\FRPSDQLHV¶H[SORUDWLRQSODQVLQ
SRODUFOLPDWHV,UHDFKHGWRWKH&RQRFR3KLOOLSVGHYHORSPHQWPDQDJHPHQWDQGDVNHGFRPSDQ\¶V
SURIHVVLRQDOVWRDQVZHUDVKRUWVXUYH\DERXWWKHLUZRUNLQH[WUHPHHQYLURQPHQWV,LQWHUYLHZHG
WKUHH&RQRFR3KLOOLSVPDQDJHUVDIWHUWKH\DQVZHUHGWKHVXUYH\WRH[SDQGDQGVXPPDUL]HWKH
NQRZOHGJH 7KH ORFDWLRQV RI GLVFXVVHG SURMHFWV LQFOXGH RIIVKRUH SODWIRUPV$ODVND1RUWK
6ORSH GHYHORSPHQWV *XOI RI 0H[LFR GHHSZDWHU 5XVVLDQ $UFWLF UHJLRQ DQG 1RUWKHUQ
$OEHUWD&RXQW\LQ&DQDGD7DEOH7KHVFKHGXOHZDVWKHPDLQGULYHUIRUDOOWKHVHSURMHFWVDV
ZHOO DV FRVW DQG VDIHW\ IRU RSHUDWLRQDO SURMHFWV$OO RI WKHPZHUH FKDOOHQJHGZLWK VLPLODU
SUREOHPVUHPRWHQHVVFRPPXQLFDWLRQLVVXHVEHWZHHQLQYROYHGSDUWLHVLQFOXGLQJFRQWUDFWRUV
ORFDODXWKRULWLHVDQGZRUNIRUFHDQGWKHSURMHFWPDQDJHPHQWDQGORJLVWLFVSUREOHPVDWGLIIHUHQW
GHJUHHV

/RFDWLRQV
&KDUDFWHULVWLFV
2II
VKRUH
ULJV
$ODVND
QRUWK
VORSH
$UFWLF
5XVVLD
1RUWKHUQ
$OEHUWD
&DQDGD
*XOIRI
0H[LFR
(QYLURQPHQWFOLPDWH 'HHS
ZDWHU
3RODU
FROG DQG
GU\
3RODU FROG
DQGGU\
3HUPDIURVW
FROGDQGGU\
'HHS
ZDWHU
'HYHORSPHQWVWDJH )LQLVKHG )LQLVKHG ,QWUDQVLWLRQ ,QSURJUHVV )LQLVKHG
:LWKLQVFKHGXOHDQG
EXGJHW <HV <HV
6FKHGXOH ±
\HV
%XGJHW±QR
1D <HV

7DEOH3URMHFWVUHIHUUHGLQVXUYH\V

$OWKRXJKDOOPHQWLRQHGSURMHFWVZHUHUHIHUUHGDVVXFFHVVIXOWKHFRUSRUDWHFULWHULDIRU³VXFFHVV´
RU ³IDLOXUH´ LV RQO\ EDVHG RQ VDIHW\ DQG H[HFXWLRQ ZLWKLQ D JLYHQ WLPHIUDPH DQG EXGJHW
&RQRFR3KLOOLSV  ,W ZDV UHYHDOHG GXULQJ IROORZXS LQWHUYLHZV WKDW PDQ\ RI RWKHU
HOHPHQWVRISODQQLQJDQGH[HFXWLRQSURFHVVHVDUHHLWKHUGLVPLVVHGRUQRWJLYHQSURSHUDWWHQWLRQ
DQGPD\VRPHWLPHVMHRSDUGL]HWKHSURMHFWIORZ
7KHVXUYH\UHVXOWVDQGIROORZXSGLVFXVVLRQVDUHVXPPDUL]HGLQWKHDSSHQGL[7KHVXUYH\
FRQWULEXWRUVSRLQWHGRXWLQGHSHQGHQWO\WKDWHIIHFWLYHDQGWLPHO\communicationsEHWZHHQDOO
SDUWLFLSDQWVDQGDWDOOVWDJHVRIWKHSURFHVVLVDIRXQGDWLRQRIVXFFHVVUHJDUGOHVVRIPDMRUGULYHUV
DQG FULWHULD RI WKH VXFFHVV DSSOLHG LQ WKH SURMHFW0RVW LPSRUWDQW GULYHUV RI VXFFHVV LQ DOO
SURMHFWVDUHVDIHW\FRVWVFKHGXOHDQGTXDOLW\ZKLOHODVWWKUHHPD\QRWEHQHFHVVDULO\SODFHGLQ
WKDWRUGHU2WKHULPSDFWLQJDVSHFWVRIVXFFHVVRUIDLOXUHLQFOXGH
x 3URIHVVLRQDOOHYHORISHUVRQQHO
x 1XPEHURITXDOLILHGSHUVRQQHORQVLWHDQGLQGHFLVLRQPDNLQJ
x $YDLODEOHLQIUDVWUXFWXUH
x $YDLODEOHUHVRXUFHV
7RROVWRDGGUHVVWKHVHDVSHFWVDQGLVVXHVWKDWUHVXOWLQSUREOHPVDQGOHDGWRSRVVLEOHIDLOXUHV
VKRXOG EH LPSOHPHQWHG LQ GHVLJQ DQG SODQQLQJ SURFHVVHV WKURXJK V\VWHPDWLF DUFKLWHFWXUDO
DSSURDFK7KHDUFKLWHFWXUDOSKLORVRSK\LVFHQWHUHGRQZKDWDUFKLWHFWXUHDQGGHVLJQdoRYHU
WLPHUDWKHUWKDQZKDWWKH\are.01\VWURP



 6XPPDU\RISDSHUVRQKXPDQIDFWRUVIRUVXVWDLQDEOHGHVLJQ
7KLV FKDSWHU UHIOHFWV P\ WKRXJKWV LQ VHDUFKLQJ IRU OLIH HOHPHQWV WKDW PD\ DIIHFW OLYLQJ
HQYLURQPHQWSXVKLQJLWWRZDUGVWKHHGJHRIZHOOEHLQJ,DOVRKRSHWKDWLWZRXOGKHOSPHWR
EHWWHUXQGHUVWDQGKRZDSODFHRUVLWXDWLRQEHFRPHVFULWLFDOIRUSHRSOHDQGZKDWFDQEHGRQHWR
PDNHWKHVLWXDWLRQLIQRWIXOO\DFFHSWDEOHEXWDWOHDVWOHVVLQWLPLGDWLQJRUPHQDFLQJWRSHRSOH
ZKRKDYHWRGHDOZLWKLW
, WULHG WR LGHQWLI\ DQG H[SORUH KHUH D IHZ ³HGJHV´ WKDW IUDPH DQG FRQWULEXWH WR FRQGLWLRQV
EHFRPLQJH[WUHPH$OORIWKHHGJHVUHIHUQRWRQO\WRVSDWLDOFRQGLWLRQVRUHOHPHQWVEXWSHUVRQDO
DQGSXEOLFPHQWDOLW\7KHUHDUHPDQ\PRUHHGJHVIDFHVYHUWLFHVWKDWLQWHUIHUHDQGDIIHFWHDFK
RWKHUDWGLIIHUHQWOHYHOV7KLVLVMXVWDEULHIRYHUYLHZWKHEHJLQQLQJ,ZLOOFRQWLQXHH[SORULQJ
PRVWVLJQLILFDQWRQHVLQP\IXUWKHUUHVHDUFK
2QH RI WKH PDMRU JRDOV RI FRQQHFWLQJ HGXFDWLRQDO DQG EXLOW HQYLURQPHQWV LV WR SURGXFH
NQRZOHGJHWRDGYDQFHDQGVKDSHQHZVXVWDLQDEOHOLIHVW\OHV6HYHUDOVWUDWHJLHVFDQEHXVHGLQ
RUGHUWRDFKLHYHWKDWLQIRUPDWLRQGLVWULEXWLRQJRDORULHQWLQJLQGLYLGXDORUJURXSFRPPLWPHQW
REWDLQLQJ IHHGEDFN RQ LQGLYLGXDO RU JURXS SHUIRUPDQFH %XW VRPH SV\FKRORJLFDO WKHRULHV
HPSKDVL]H WKDW LQIRUPDWLYH WHFKQLTXHVDUHQRWYHU\HIIHFWLYH LIXVHGDORQH 6WDDWV:LWDQG
0LGGHQ7KHUHIRUHDFRPELQDWLRQRIVWUDWHJLHVWHQGVWREHPRUHHIIHFWLYHLQSURPRWLQJ
VXVWDLQDEOHEHKDYLRU
'LVFXVVLRQVZLWKVWXGHQWVGXULQJSUHOLPLQDU\ZRUNVKRSVHVVLRQVYDOLGDWHGD³combination of 
strategies” WKHRU\ ZKHQ VWXGHQWV SRLQWHG RXW WKH LPSRUWDQFH RI SHUVRQDO DZDUHQHVV RI
LQGLYLGXDODQGJURXSVXVWDLQDEOHDFWLRQV6WXGHQWVDOVRHPSKDVL]HGWKDWSURDFWLYHDQGHYHQ
GHPDQGLQJEHKDYLRUVKRXOGSOD\DSRVLWLYHUROHLQSXVKLQJLQGLYLGXDOVWRMRLQDVXVWDLQDEOH
OLIHVW\OHWKDWZDVSURPRWHGE\WKHLUURRPPDWHV
$QLPSRUWDQWSDUWLQWKHSURFHVVRIVKDSLQJDVXVWDLQDEOHOLIHVW\OHLVFUHDWLQJDFROODERUDWLYH
VWUDWHJ\WRZDUGVRSWLPL]HGUHVRXUFHVXWLOL]DWLRQSUDFWLFHV,PSOHPHQWLQJDGYDQFHGWHFKQRORJ\
LQGHVLJQDIIRUGVDPHDQVIRULQIRUPLQJDQGFRRUGLQDWLQJUHVLGHQWV¶UHVSRQVLEOHHIIRUWVKHOSLQJ
SHRSOH WRPDNHFRQVHUYDWLYHFKRLFHV WREHFRPHDSDUWRI WKHLU HYHU\GD\ URXWLQH)LJXUH
GHSLFWVEDVLFOHYHORIHVVHQWLDOUHODWLRQVKLSVEHWZHHQDQLQGLYLGXDODQGDJURXSVRPHRIWKHP
PD\EHSUHVHQWSHULRGLFDOO\ZKLOHRWKHUVEHORQJWRFRPPRQDWWULEXWHVRIKXPDQEHKDYLRU

  '(0$1',1*$&7,9,7,(6
'(6,5(72%(/21*727+(*5283



)LJXUH,QGLYLGXDODQGJURXSUHODWLRQVKLSVVKDSLQJVXVWDLQDEOHEHKDYLRUSource: O. 
Bannova. 

,W LV LPSRUWDQW WR FRQVLGHU D SRVVLEOH LQIOXHQFH RI KXPDQ HUURU RU XQGHVLUDEOH EHKDYLRU
WKHUHIRUHUHOD\LQJLQIRUPDWLRQDERXWVXFFHVVIXOVXVWDLQDEOHSUDFWLFHVEDFNWRUHVLGHQWVLVDOVR
IXQGDPHQWDO
,1',9,'8$/
*5283
'(9(/23,1*6867$,1$%/(
0(17$/,7<
'(0$1',1*
5(63216(



8.1 Paper IV (2013) Functional study – mapping human factors  
%DQQRYD2	+DJEHUW 3 Experiments in mapping human factors for sustainable 
design and living.3DSHUSUHVHQWHGDWWKH,$36,QWHUQDWLRQDO1HWZRUN6\PSRVLXP-XQH
$&RUXxD6SDLQ3DSHUDFFHSWHGIRUSXEOLFDWLRQ3HHUUHYLHZHG

0\SHUVRQDOH[SHULHQFHZRUNLQJRQSURMHFWVIRUH[WUHPHFRQGLWLRQVDQGPXOWLSOHGLVFXVVLRQV
ZLWK SURIHVVLRQDOVZKRZRUN RQ VLPLODU SURMHFWVPDGHPH VWURQJO\ EHOLHYH WKDW GHVLJQ IRU
H[WUHPH FRQGLWLRQV VKRXOG EHEDVHGRQ IXQFWLRQDOLW\ DQGPXOWLOHYHO EDODQFHGGHVLJQ7KDW
LQFOXGHVVWXG\LQJDQGFRQQHFWLQJIXQFWLRQDOGHVLJQDSSURDFKZLWKVXVWDLQDEOHOLYLQJWKURXJK
LPSOHPHQWLQJWHFKQRORJLFDOLQQRYDWLRQVLQWRWKHGHVLJQRIIXWXUHUHVLGHQWLDOHQYLURQPHQWV
*RRGXQGHUVWDQGLQJRIKRZDQGZKHUHKXPDQIDFWRUVLQIOXHQFHWKHGHVLJQSURFHVVLVRQHRI
NH\ HOHPHQWV LQ DQ\SURMHFW GHYHORSPHQW6XVWDLQDELOLW\ FDQQRW LQ WKLV VHQVHEH VHHQDV DQ
DGGLWLRQEXW VKRXOG UDWKHUEHFRQVLGHUHGDQ LQWHJUDWHGSDUWRIHGXFDWLRQDODQGSURIHVVLRQDO
SUDFWLFH,QVLWXDWLRQVZKHQWKHUHVRXUFHVDUHOLPLWHGFRQILQHGRUUHVWULFWHGOLYLQJVSDFHDQG
RYHUDOOFKDOOHQJLQJDQGKRVWLOHHQYLURQPHQWGHVLJQDSSURDFKKDVWREHRSWLPL]HGDFFRUGLQJO\
WR PD[LPDOO\ VDWLVI\ SHUVRQDO DQG JURXS DFWLYLWLHV UHTXLUHPHQWV ZKLOH LQFRUSRUDWLQJ
FRQVHUYDWLRQSUDFWLFHVDQGIXQFWLRQDOIOH[LELOLW\
,FRQGXFWHGDVKRUWVXUYH\RQPDSSLQJDFWLYLWLHVDQGIXQFWLRQDODOORFDWLRQVDPRQJJUDGXDWH
VWXGHQWVRIWKH&ROOHJHRI$UFKLWHFWXUH8QLYHUVLW\RI+RXVWRQLQSDUDOOHOWRVLPLODUDFWLYLW\DW
WKH $UFKLWHFWXUDO GHSDUWPHQW LQ &KDOPHUV 8QLYHUVLW\ 7KDW UHVXOWHG LQ PDSSLQJ KXPDQ
DFWLYLWLHVLQFRQQHFWLRQWRIXQFWLRQDODQDO\VLVRIOHYHOVRISULYDWHRUVKDUHGXVHRIVSDFHDQG
UHVRXUFHVSUHVHQWHGLQWKHWDEOHEHORZ

0D[LPXP 0HGLXP  /HVV 0LQLPXP

7DEOH'HVLUHGOHYHOVRISULYDF\LQUHODWLRQWROLYLQJDFWLYLWLHV

1H[WVWHSRIWKHIXQFWLRQDOGHFRPSRVLWLRQRIVWXGHQWKRXVLQJIURPWKHVHLQLWLDOILQGLQJVFDQEH
PDSSHG DFFRUGLQJ WR JURXSLQJ RI DFWLYLWLHV DQG KXPDQ IXQFWLRQV DQG GHILQHG RU SHUFHLYHG
FRUUHVSRQGLQJVSDWLDOHQHUJ\DQGUHVRXUFHUHTXLUHPHQWV
)RFXVLQJRQGHYHORSLQJXVHUFHQWHUHGDQGSDUWLFLSDWRU\GHVLJQUHVHDUFKPHWKRGRORJLHVDORQJ
ZLWKWHFKQRORJLFDODGYDQFHPHQWWKHSDSHUH[SORUHVKRZVXVWDLQDEOHLQQRYDWLRQVDUHDSSOLHG
DQGSHUFHLYHGLQHYHU\GD\OLIHDQGOLYLQJHQYLURQPHQWV
7KHUHVHDUFKSUHVHQWHGLQWKHSDSHUPDLQO\FRQFHUQVWKHLQVLJKWVWXGLHVZLWKWKHLQWHQWLRQRI
DSSO\LQJWKHJDLQHGXQGHUVWDQGLQJLQIRUPDWLYHGHVLJQDSSURDFKHVDQGIXUWKHUUHVHDUFKLQWKH
 6OHHS (DW &KRUHVFRRNLQJ 6WXG\ +\JLHQH /HLVXUH
&ROOHFWLYH
VKDULQJ
DFWLYLW\DQG
UHVRXUFHV
  

 
,QGLYLGXDO
VKDULQJ
UHVRXUFHV
     
3ULYDWHQRW
VKDULQJDWDOO
     


VXVWDLQDEOHOLYLQJODEWREHEXLOWDVRQFDPSXVVWXGHQWKRXVLQJ,WLVVXJJHVWHGWKDWWKHSURFHVV
FDQEHDGYDQFHGIDUWKHUE\LQFRUSRUDWLQJDQH[SORUDWLYHGHVLJQVWXGLRHQYLURQPHQWZKHUHD
WUDQVGLVFLSOLQDU\JURXSRIVWXGHQWVZLOOEHLQYROYHG

8.2 Paper V (2014) Design practices study – testing and evaluating 
%DQQRYD21\VWURP0)HPHQLDV3+DJEHUW37RXSV/Testing and Evaluating 
Sustainable Design Practices.$5&&($$(,QWHUQDWLRQDO&RQIHUHQFH)HEUXDU\
3HHUUHYLHZHG

'HVLJQVROXWLRQVLQJHQHUDOFDQEHWHVWHGWKURXJKOLYLQJDQGIXQFWLRQLQJH[SHULHQFHDQGRQO\
ZLWK WLPH 7KHUHIRUH ILQGLQJ DQ HIIHFWLYH ZD\ WR WHVW DQG HYDOXDWH GHVLJQ LQ FRQVWUDLQW
WLPHIUDPHLVDFKDOOHQJH$QRQJRLQJSURMHFWRIEXLOGLQJDVWXGHQWKRXVLQJRQWKHFDPSXVRI
&KDOPHUV 8QLYHUVLW\ -RKDQQHEHUJ LV D FKDOOHQJLQJ EXW SRVVLEOH VROXWLRQ WR WHVW VRPH RI
WHFKQRORJLFDODQGGHVLJQDSSURDFKHV0RUHRYHUDSURSRVHGGHVLJQVWXGLRFDQEHXVHGDVDQ
HYDOXDWLQJWRRORIWKHPXOWLGLVFLSOLQDU\GHVLJQIRUVXVWDLQDEOHGHYHORSPHQWHIIRUWV
(GXFDWLRQDOHQJDJHPHQWRIWKHSURMHFWZLOOLQFOXGH%XLOGLQJ)XQFWLRQV$QDO\VLVVWXGLHVLQD
IXOOVFDOHODERUDWRU\LQDIRUPRIRQFDPSXVVWXGHQWKRXVLQJ7KHHPSKDVLVZLOOEHJLYHQWR
WKH UROHRI GHVLJQHUV DQGGHVLJQ HGXFDWLRQ LQ IDFLOLWDWLQJDFDGHPLFPHWKRGRORJLHVRIIHULQJ
EHQHILWVRIKDQGVRQOHDUQLQJDQGUHDOWLPHH[SHULPHQWLQJWRVWXGHQWV7KHGLVFXVVHGUHVHDUFK
DQGHGXFDWLRQDODSSURDFKPDLQO\FRQFHUQVIXOOVFDOHUHVHDUFKKRXVHVWXGLHVVXVWDLQDEOHOLYLQJ
HQYLURQPHQWZLWK LQWHJUDWHG LQVWDQW GHVLJQ UHYLHZLQJSURFHVV8QLQWHUUXSWHG IHHGEDFNE\
XVHUVLVHVVHQWLDOIRURSWLPL]LQJGHVLJQFRQVLGHUDWLRQVDQGIRUDGYDQFLQJUHVHDUFKLQWKHWHVW
HQYLURQPHQW)LJXUH
)LJXUH&ROODERUDWLYHHIIRUWVSURYLGHLQFOXVLYHH[SHULHQFH Source: O. Bannova.

7KHSDSHUDOVREULHIO\GLVFXVVHVDFULWLFDOLQWHUSUHWDWLRQRIVRFLDOHFRQRPLFDQGHQYLURQPHQWDO
VXVWDLQDELOLW\RIFRQWHPSRUDU\GHVLJQSURFHVVHVPRYLQJWRZDUGVDFKDQJLQJSURIHVVLRQDOUROH
DQG GLVFRXUVH ZLWKLQ DQG EHWZHHQ GLVFLSOLQHV ,W LV UHFRJQL]HG WKDW WKH LQWURGXFWLRQ RI
FROODERUDWLYH SURFHVVHV WKDW SURPRWHV FULWLFDO UHIOHFWLRQ LV YLWDO WR DSSO\LQJ VXVWDLQDEOH
SUDFWLFHV WR HYHU\GD\ OLIH 7KHUH LV KRZHYHU D ODFN RI HIIHFWLYH FRPPXQLFDWLRQ EHWZHHQ
³XVHUV´RUFOLHQWVDQG³SURIHVVLRQDOV´DUFKLWHFWV6KDSLQJWKRVHOLQNVE\SURYLGLQJUHVHDUFK
EXPERIENCE
CLIENT
USERARCHITECT


LQ GHVLJQ DQG OHDUQLQJ WKURXJK EXLOGLQJ RSSRUWXQLWLHV DORQJ ZLWK FUHDWLQJ QHZ DGYDQFHG
RXWUHDFKSURVSHFWVIRUDUFKLWHFWVDUHNH\VWHSVWRZDUGVQHZVXVWDLQDEOHDUFKLWHFWXUDOSUDFWLFHV
$OVRDSSOLFDWLRQVDQDO\VLVVKRXOGEHSHUIRUPHGQRWRQO\DVDILQDOUHVXOWEXWLQWKHFRQWH[WRI
WKHZKROHSURFHVVDQGZLWKDQHPSKDVLVRQKXPDQIDFWRUVV\VWHPVDQGHOHPHQWV¶UHODWLRQVKLSV
DQG LQWHUGHSHQGDELOLW\ %DVHG RQ WKH NQRZOHGJH JDLQHG D GHVLJQ DQG SODQQLQJ SURFHVV LV
SURSRVHG WR RSWLPL]H VXVWDLQDELOLW\ DSSURDFKHV LPSOHPHQWDWLRQ LQWR SUDFWLFH WKURXJK
LQFRUSRUDWLQJWHVWLQJDQGHYDOXDWLQJVWDJHVLQWRGHVLJQSURFHVV

 


 3DSHUV,9DQG9DEVWUDFWVDQGV\QRSVHV
3DSHU ,9 ([SHULPHQWV LQ PDSSLQJ KXPDQ IDFWRUV IRU VXVWDLQDEOH GHVLJQ DQG
OLYLQJ
3DSHUSUHVHQWHGDW,$36,QWHUQDWLRQDO1HWZRUN6\PSRVLXPLQ-XQHSHHUUHYLHZHGSDSHU
IRUSRVWFRQIHUHQFHSXEOLFDWLRQ
%DQQRYD2+DJEHUW3'HSDUWPHQWRI$UFKLWHFWXUH&KDOPHUV8QLYHUVLW\RI7HFKQRORJ\

7KLVSDSHUUHIOHFWHGLQYHVWLJDWLRQVRQIRUPLQJVXVWDLQDEOHEHKDYLRUDQGDUFKLWHFWXUDOSUDFWLFH
WKURXJKGHVLJQ7KHSDSHUZDVEDVHGRQWKHGDWDFROOHFWHGIURPWZRVWXGHQWV¶VXUYH\VDQGRQH
ZRUNVKRS IURP WKH 6FKRRO RI$UFKLWHFWXUH RI&KDOPHUV8QLYHUVLW\ RI 7HFKQRORJ\ DQG WKH
&ROOHJHRI$UFKLWHFWXUHRIWKH8QLYHUVLW\RI+RXVWRQZDVDQDO\]HGDQGVXPPDUL]HGIRUIXUWKHU
UHVHDUFK

$EVWUDFW
7KLV SDSHU DGGUHVVHV DUFKLWHFWXUDO DQG GHVLJQ FRQVLGHUDWLRQV UHJDUGLQJ FKDOOHQJHV RI
VXVWDLQDEOH OLYLQJ LQ H[WUHPH HQYLURQPHQWV LQ UHODWLRQ WR D GHVLJQ UHVHDUFK PHWKRGRORJ\
DSSOLHG LQ DQ RQJRLQJ 6XVWDLQDEOH /LYLQJ /DE UHIHUHQFH SURMHFW 7KH RXWOLQHG UHVHDUFK
DGGUHVVHVWKHQHHGWRUDGLFDOO\UHGXFHUHVLGHQWLDOHQHUJ\DQGUHVRXUFHFRQVXPSWLRQWKURXJKD
SURSRVHG VWXGLR LQWHUYHQWLRQ DV SDUW RI VWXGHQW KRXVLQJ FXUUHQWO\ XQGHU GHYHORSPHQW DW
&KDOPHUV8QLYHUVLW\RI7HFKQRORJ\6ZHGHQ,QDGGLWLRQWRDWKHRUHWLFDODQGPHWKRGRORJLFDO
EDFNJURXQG WR WKLV UHIHUHQFH SURMHFW UHVXOWV IURP LQLWLDO VWXGLHV UHYROYLQJ DURXQG XVHU
SHUFHSWLRQV DQG LGHDWLRQ DUH SUHVHQWHG 7KH SDSHU DOVR GLVFXVVHV IXWXUH GHYHORSPHQWV DQG
VXJJHVWVKRZGHULYHGGHVLJQVWUDWHJLHVFDQEHDSSOLHG WRHYHU\GD\OLIHDQG LQRWKHUUHJLRQV
DURXQGWKHZRUOG

7KH UHVHDUFK RXWOLQHG KHUH LQYHVWLJDWHV PXOWLSOH DVSHFWV RI VXVWDLQDELOLW\ DQG SRVVLEOH
DSSOLFDWLRQVRIOHVVRQVOHDUQHGLQIXWXUHGHVLJQSUDFWLFHV,QYHVWLJDWLQJHVVHQWLDOKXPDQQHHGV
DQGKRZ WKRVHQHHGVFDQEH DGGUHVVHG LQGHVLJQDQGSODQQLQJ LV D UHOHYDQW FKDOOHQJH7KH
UHIHUHQFHSURMHFWGLVFXVVHGLQWKLVSDSHUSDUWLFXODUO\UHYROYHVDURXQGGHYHORSLQJXVHUFHQWHUHG
GHVLJQUHVHDUFKPHWKRGRORJLHVDQGSUDFWLFHVVWXG\LQJKRZVXVWDLQDEOHLQQRYDWLRQVDUHDSSOLHG
DQGSHUFHLYHGLQHYHU\GD\OLIHDQGOLYLQJHQYLURQPHQWV%\JDLQLQJLQVLJKWVLQWRWKHXVDELOLW\
DQG DFFHSWDQFH RI VXVWDLQDEOH VWUDWHJLHV DQG SURFHVVHV UHJDUGLQJ ERWK VSDWLDO DQGPDWHULDO
SURSHUWLHVWKHREMHFWLYHLVWRFUHDWHDQHQYLURQPHQWWKDWVWLPXODWHVOLYLQJSUDFWLFHVUHODWHGWRD
UDGLFDOO\ UHGXFHG HQHUJ\ DQG UHVRXUFH FRQVXPSWLRQ DQG FRQVFLRXV VRFLDO DQG SHUVRQDO
EHKDYLRU7KHSDSHULVFRQFOXGHGZLWKIRFXVSRLQWVIRUIXUWKHULQYHVWLJDWLRQV
 


3DSHU97HVWLQJDQG(YDOXDWLQJ6XVWDLQDEOH'HVLJQ3UDFWLFHV
3HHUUHYLHZHG SDSHU SUHVHQWHG DW $5&& LQ )HEUXDU\  DQG SXEOLVKHG LQ WKH $5&&
GDWDEDVH
%DQQRYD21\VWURP0)HPHQLDV3+DJEHUW37RXSV/'HSDUWPHQWRI$UFKLWHFWXUH
&KDOPHUV8QLYHUVLW\RI7HFKQRORJ\

7KLV SDSHU VWXGLHV D SURSRVHG +DELWDWLRQ /DE VWXGLR DV D WHVWLQJ DQG HYDOXDWLQJ WRRO IRU
VXVWDLQDEOHGHVLJQSUDFWLFHV$QHZGHVLJQDSSURDFK LV LQYHVWLJDWHGZKHUH VWXGHQWVZLOOEH
GHVLJQHUVFOLHQWVDQGXVHUVLQVLPXOWDQHRXVDQGKRPRJHQHRXVGHVLJQSURFHVV7KHRQJRLQJ
/LYLQJ/DESURMHFW LV FRQVLGHUHG DV DQ LQLWLDWLRQ SRLQW RI WKH UHVHDUFK DQGGHVLJQ DQG DV D
IRXQGDWLRQRIIXUWKHUVWXGLRGHYHORSPHQWV

$EVWUDFW
7KLV SDSHU SUHVHQWV DQ LQSURJUHVV GHVLJQ UHVHDUFK FRQGXFWHG E\ WHDFKHUV DQG VWXGHQWV RI
&KDOPHUV8QLYHUVLW\RI7HFKQRORJ\6ZHGHQDQGWKH8QLYHUVLW\RI+RXVWRQ86$ LQ WKH
IRUP RI D +DELWDWLRQ /DERUDWRU\ +DE/DE 1\VWURP HW DO  GHVLJQ VWXGLR DQG LQ
FRQQHFWLRQZLWKD6XVWDLQDEOH/LYLQJ/DESURMHFW
7KHµ+6%6XVWDLQDEOH/LYLQJ/DE¶LVDFROODERUDWLYHHIIRUWEHWZHHQWKHODUJHVW6ZHGLVKFR
RSHUDWLYHKRXVLQJDVVRFLDWLRQ+6%DQG-RKDQQHEHUJ6FLHQFH3DUNDQGZLOOEHEXLOWLQ
DV D VWXGHQW KRXVLQJ ORFDWHG RQ &KDOPHUV PDLQ FDPSXV ,WV ORFDWLRQ RIIHUV D XQLTXH
RSSRUWXQLW\WRPHUJHUHVHDUFKHGXFDWLRQDQGRXWUHDFK
$PWKUHHVWRU\EXLOGLQJZLOODFFRPPRGDWHVWXGHQWVDQGJXHVWUHVHDUFKHUV6WXGHQW
XQLWV DUH GHVLJQHG WR EH IOH[LEOH DQG DGDSWDEOH WR SRVVLEOH OD\RXW DGMXVWPHQWV DQG FKDQJHV
WKURXJKRXW D WHQ\HDUEXLOGLQJSHUPLW WLPHIUDPH7KHVWUXFWXUHZLOO DOVR LQFOXGHDGGLWLRQDO
IDFLOLWLHVVXFKDVDQH[KLELWLRQDUHDDFRPPRQODXQGU\URRPDQGYDULRXVPHHWLQJ]RQHV
7KHSDSHULGHQWLILHVDQGLQYHVWLJDWHVH[SHULPHQWVLQVXVWDLQDEOHGHVLJQHGXFDWLRQWKURXJKWKH
XVHRIDGHVLJQVWXGLRDVWKHILUVWVWDJHZLWKLQWKHODUJHU³6XVWDLQDEOH/LYLQJ/DE´UHVHDUFKDQG
EXLOGLQJHQYLURQPHQWSURMHFW7KHJRDORIWKHHGXFDWLRQDOLQLWLDWLYHLVLPSOHPHQWLQJSUDFWLFH
DQGFRQVWUXFWLRQH[SHULHQFHLQWRWKHOHDUQLQJSURFHVVE\FRPELQLQJKDQGVRQDSSURDFKHVZLWK
WKHRUHWLFDOGHYHORSPHQWLQWUDQVGLVFLSOLQDU\UHDOOLIHFRQWH[WVZKHUHGHVLJQVHUYHVDVDOLQN
EHWZHHQ SUDFWLFHV DQG GLVFLSOLQHV 7KLV LV DUJXHG WR EH HVVHQWLDO LQ WKH VKDSLQJ RI IXWXUH
UHVSRQVLEOHDUFKLWHFWXUDOSUDFWLFHV
3RVVLEOHDSSOLFDWLRQVRIOHVVRQVOHDUQHGIRUWKHGHVLJQRIIXWXUHHQYLURQPHQWVLVDNH\LQTXLU\
7KH SURMHFW REMHFWLYHV DUH GHYHORSLQJ SDUWLFLSDWRU\ DQG XVHUFHQWHUHG GHVLJQ UHVHDUFK
PHWKRGRORJLHVDQGPHDVXUHVDVZHOODVVWXG\LQJKRZVXVWDLQDEOHLQQRYDWLRQVDUHDSSOLHGDQG
SHUFHLYHGLQWKHOLYLQJHQYLURQPHQWVRIHYHU\GD\OLIH

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KWWSVXVODEHXSDUWQHUVFKDOPHUVWKKVEOLYLQJODE


&RQFOXVLRQVDQGGLUHFWLRQVIRUUHVHDUFKGHYHORSPHQW
$QDO\VLVRIWZRGLVFXVVHGFDVHVWXGLHVGHPRQVWUDWHGVKDUHGDQGUHFXUUHQWGHVLJQDVSHFWVWKDW
FDQ EH DGGUHVVHG LQ GHVLJQ SURFHVV LQ D VLPLODU ZD\ZKLFK SHUKDSV FDQ KHOS WR RSWLPL]H
SODQQLQJ SURFHVVHV IRU H[WUHPH HQYLURQPHQWV FRQGLWLRQV VWDUWLQJ IURP ILUVW VWDJHV RI WKHLU
GHYHORSPHQW DQGEHFRPH DSDUW RI D FRPPRQPHWKRGRORJ\ IRU SODQQLQJ GHVLJQ DQGRWKHU
GHYHORSPHQWV LQ 3RODU 5HJLRQV 7KH WDEOH EHORZ VXPPDUL]HV VWUXFWXUDO DQG LQIUDVWUXFWXUDO
UHFXUUHQWDQGVSHFLILFWRFDVHGHVLJQDVSHFWV7DEOH

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6WUXFWXUH $YRLGKHDY\FRQVWUXFWLRQQHHGV
,QWHULRU]RQLQJ
8VHRIUHQHZDEOHHQHUJ\
8VHRIUHF\FOLQJV\VWHPV
$SSO\WLJKWEXLOGLQJHQYHORS
2SWLPL]HHOHPHQWVSDFNDJLQJIRU
HIILFLHQWWUDQVSRUWDWLRQ
6WULFWOLPLWDWLRQVDSSOLHGWR
PDVVDQGGLPHQVLRQVRI
VWUXFWXUDOHOHPHQWV
6WUXFWXUDOO\EDODQFHZHLJKW
GLVWULEXWLRQ
,QFRUSRUDWHDXWRPDWLFDQG
URERWLFV\VWHPV
,QIUDVWUXFWXUH 3ODQ IRU WLJKW WUDQVSRUWDWLRQ
ZLQGRZV
'HYHORSVLWH]RQLQJ
0LQLPL]HHQYLURQPHQWDOLPSDFW
<HDUDURXQGDVVHPEO\
RSHUDWLRQVDUHSRVVLEOH
9HU\OLPLWHGWUDQVSRUWDWLRQ
PHDQVDUHDYDLODEOH
&$6(
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%RUHDO
6WUXFWXUH $YRLGKHDY\FRQVWUXFWLRQQHHGV
3URSRVHLQWHULRU]RQLQJ
8VHRIUHQHZDEOHHQHUJ\
8VHRIUHF\FOLQJV\VWHPV
$SSO\WLJKWEXLOGLQJHQYHORS
&RQVWUDLQHGFRQVWUXFWLRQDQG
DVVHPEO\WLPH
0DQ\WUDQVSRUWDWLRQPHDQVDUH
DYDLODEOHEXWOLPLWHGIRU
HFRQRPLFUHDVRQV

,QIUDVWUXFWXUH 3ODQIRUWUDQVSRUWDWLRQOLPLWHGE\
ZHDWKHUFRQGLWLRQV
'HYHORSVLWH]RQLQJ
0LQLPL]HHQYLURQPHQWDOLPSDFW
0DQ\WUDQVSRUWDWLRQPHDQVDUH
DYDLODEOHEXWOLPLWHGIRU
HFRQRPLFUHDVRQV
&UHDWHHFRQRPLFDQGVRFLDO
VXVWDLQDELOLW\
7DEOH5HFXUUHQWDQGXQLTXHGHVLJQDVSHFWV

2WKHU UHFXUUHQW GHVLJQ LQIOXHQFLQJ DVSHFWV DUH DVVRFLDWHG ZLWK KXPDQ IDFWRUV DQG ZHUH
GLVFXVVHG HDUOLHU LQ VXEVHFWLRQV RI WKH Initiation of research – Understanding of basics 
&KDSWHU7KUHH7KH\FDQEHFRPELQHGXQGHUQRQVWUXFWXUDORUKXPDQUHODWHGFDWHJRU\ZKHUH
SV\FKRORJLFDOVRFLHWDOFXOWXUDODQGPHQWDOFKDOOHQJHVGHPRQVWUDWHFRPSDUDEOHOHYHOVRIVWUHVV
DQGRWKHUULVNIDFWRUV6RPHRIWKHPDUHVXPPDUL]HGLQWKHWDEOH 
2SWLPL]DWLRQRI GHVLJQ UHTXLUHPHQWVEDVHGRQ WKH VXPPDU\RI GHVLJQ DVSHFWV SUHVHQWHG LQ
7DEOHVDQGLVWKHQH[WVWHSRIWKHUHVHDUFKGHYHORSPHQW7KHVHWRIUHTXLUHPHQWVLVDNH\
HOHPHQWRIWKHSURSRVHGSURJUDPPLQJDQGSODQQLQJPDWUL[
,QDVXPPDU\DQLQWHUGLVFLSOLQDU\FRPSUHKHQVLYHDSSURDFKLQFOXGHVKLJKOLJKWLQJLQIOXHQFHV
XSRQ JHQHUDO KDELWDW UHTXLUHPHQWV FRQVWUDLQWV XSRQ GHOLYHU\ DQG FRQVWUXFWLRQ DQG VSHFLDO
SURYLVLRQVIRUVDIHW\DQGKD]DUGLQWHUYHQWLRQV5HFXUUHQWDQGGLYHUVHGHVLJQLQIOXHQFHVLQFOXGH
x LQIOXHQFHVGULYHQE\WUDQVSRUWWRUHPRWHVLWHV
x HQYLURQPHQWDOLQIOXHQFHVXSRQIDFLOLWLHVDQGFRQVWUXFWLRQ
x LQIOXHQFHVRIFUHZVL]HVW\SHVRIDFWLYLWLHVDQGRFFXSDQF\GXUDWLRQV
x LQIOXHQFHVRIFRQVWUXFWLRQPHWKRGVDQGVXSSRUWLQIUDVWUXFWXUHV


x VSHFLDO VDIHW\ DQG HPHUJHQF\ UHVSRQVH UHTXLUHPHQWV %DQQRYD 7HUUHVWULDO $QDORJ
6HOHFWLRQ&RQVLGHUDWLRQVIRU3ODQHWDU\6XUIDFH)DFLOLW\3ODQQLQJDQG2SHUDWLRQV

 5HFXUUHQW 8QLTXH
&$6(
,
3RODU
'HVHUW
,QGLYLGXDO 3V\FKRORJLFDOPRWLYDWLRQIRUH[FHOOHQFH
LQ SHUIRUPDQFH DFFHSWDQFH RI VRPH
KDUGVKLSV DQG FKDOOHQJHV 3K\VLFDO
UHJXODUH[HUFLVLQJGHPDQGIRUSHUVRQDO
VSDFHV
7RWDOLVRODWLRQGXULQJZLQWHU
RYHURSHUDWLRQV
*URXS 6RFLDO DQG FXOWXUDO WROHUDQFH
HGXFDWLRQDORXWUHDFKSURJUDPVIRUORFDO
FRPPXQLWLHVDQGYLVLWRUVVWDIIVHDVRQDO
URWDWLRQV
/DFNRIVRFLDORURWKHUJURXS
DFWLYLWLHVRWKHUWKDQVFLHQWLILF
UHVHDUFKHUVYLVLWLQJ
&$6(
,,
%RUHDO
,QGLYLGXDO 3V\FKRORJLFDOPRWLYDWLRQIRUH[FHOOHQFH
LQ SHUIRUPDQFH DFFHSWDQFH RI VRPH
KDUGVKLSV DQG FKDOOHQJHV 3K\VLFDO
UHJXODUH[HUFLVLQJGHPDQGIRUSHUVRQDO
VSDFHV
&RQVWUDLQHGFRQVWUXFWLRQDQG
DVVHPEO\WLPH0DQ\
WUDQVSRUWDWLRQPHDQVDUH
DYDLODEOHEXWOLPLWHGGXHWR
HFRQRPLFUHDVRQV

*URXS 6RFLDO DQG FXOWXUDO WROHUDQFH
HGXFDWLRQDORXWUHDFKSURJUDPVIRUORFDO
FRPPXQLWLHVDQGYLVLWRUVVWDIIVHDVRQDO
URWDWLRQV
,QYROYHPHQWRIORFDO
FRPPXQLWLHVLQVRPH
DFWLYLWLHVDQGEHLQJLQYROYHG
LQORFDOHYHQWV
7DEOH2WKHUUHFXUUHQWDQGVSHFLILFDVSHFWVLQIOXHQFLQJGHVLJQ

7KH/LFHQWLDWHWKHVLVLVDQLQLWLDOSDUWRIIXUWKHULQYHVWLJDWLRQVWREHFRQGXFWHGWRZDUGVGRFWRUDO
WKHVLV)XUWKHUUHVHDUFKZLOOLQFOXGHPRUHGLVFXVVLRQVZLWKLQGXVWULDOHQJLQHHULQJVSHFLDOLVWVDW
WKH8QLYHUVLW\RI+RXVWRQDQGSURIHVVLRQDOVIURP1$6$-6&-RKQVRQ6SDFH&HQWHULQYROYHG
LQDFROODERUDWLYHHIIRUWLQRFFXSDWLRQDOHUURUDQGIDWLJXHIDFWRUVUHVHDUFK0\UROHLQWKLVVWXG\
ZLOO LQFOXGH DQDO\]LQJ KXPDQ HUURU FRQWULEXWLQJ IDFWRUV LGHQWLI\LQJ SRWHQWLDO GHVLJQ
LQWHUIHUHQFHDQGSRVVLELOLWLHVRILQFRUSRUDWLQJSUHYHQWLYHPHDVXUHVLQWRGHVLJQDQGSODQQLQJ
SURFHVVHV7KLVZRUNLVDWWKHEHJLQQLQJVWDJHRIIRUPLQJDUHVHDUFKFOXVWHUDQGUHVSRQGVWR
GHPDQGIURPRLODQGJDVFRPSDQLHV WR UHVHDUFKKXPDQIDFWRUV LQIOXHQFHVDQGKXPDQHUURU
SUHYHQWLYHPHDVXUHVQRWRQO\LQ$UFWLFUHJLRQVEXWZLWKLQWKHLQGXVWU\LQJHQHUDO7KHJRDORI
WKRVH HIIRUWV LV SURYLGLQJ D EHWWHU PHWKRGRORJ\ WR DGGUHVV WKHP LQ GHVLJQ DQG SODQQLQJ
DFWLYLWLHV

7KH UHVHDUFK ILQGLQJV RI 3K' ZRUN DQG WKH ORJLF EHKLQG WKHP ZLOO EH RUJDQL]HG LQWR D
SURJUDPPDWLF WRRO XVLQJ 0LFURVRIW 9LVLR VRIWZDUH IRU YLVXDOL]DWLRQ DQG 9%$ FRGLQJ
2SHUDWLRQDOGDWDIRUWKDWZLOOEHOLVWHGLQDIRUPRIWDEOHVZLWKDWWULEXWHVDQGIHDWXUHVOLQNHGWR
UHTXLUHGLQIRUPDWLRQUHVRXUFHV
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